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PREFACE
This document is the final technical report for the Software Quality
Measurement Demonstration projzo.  ceontract F30602-85-C-0132. Contractt
work was performed by Science spplications Internaticnal Corporation for
the Rome Air Development Cernter o provide an evalration of software
quality measurement guidelines.
The guidelines weic proposed 1. ,hzgu-“’L' ardenok, Speoiflication
of Software Qua._iv httr;bu'-‘, oroawe . Ly Foein Aerccepace  Compar:
under contract F30802-B2-7-0. The outpose of the guidebook was o
develcp a methodolicqgy to pmabjo 5 coftware acquisition manager Lo
determine and specify scfowars quslity factor <= :irements.
The final technical report consis*s cf six sections, rroceded by #o
executive summary:
® The Executive Cumi..y 17 2 top-lavel overview of the projaus
and the fina. tectu:-~. v-ncrt.
e Section 1 describes *he document’s purpese. It cives an
overview of the methodology used ~n rhe contracc =’ of thr
project under analysis.
® Section 2 is an assessment of the measured quality of the
software projects under examinatior.
® Section 3 includes detailed analvsis and methodology
evaluaticn results. These inclide the evaluaticn of trainee
classes, qualitly goa. =recificatior. and the application of
metric worksheets.
e Sect:an 4 coniains reccmmendati-ns and concluasicons drawn by
SAIC based on analysis results.
@ Section 5 lists all documentation referenced in this report.
e Section € lists all acronyms used in this report.
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EXECUTIVE SUMMARY

Contract Purpose

This project was conducted by Science Applications International
Corporation for the Rome Air Development Center. The purpose of the
] project was to assess the feasibility and utility of transferring
software measurement technology to the acquisition environment using
software quality measurement guidebooks.

The guidebooks were written as a set of directions for the acquisition
manager. They describe how the manager is to specify software quality
goals, how he is to assess compliance based on evaluation reports, and
how the evaluation reports are to be created. The reports are generally
generated by independent verification and validation personnel, cr by
the developer, based on the evaluation of worksheets. The workshests
contain questions relating to each phase of the software development
process and are applied tco documents or to code.

The methodology chosen tc accomplish this task was to try it out on tw«
test software projects across all phases of development (requirements,
preliminary design, detailed design, and coding). This included
specifying software quality goals and evaluating documents and code
written for each of the above phases.

Technical Approach

The approach taken for this project was to follow the guidebook
procedures as closely as possible, while keeping detailed records on
labor effort, quality evaluation results, and on any problems with the
methodology recommended in the guidebooks. In addition, software
problem reports were written against the documentation and code whenever
metric violations were uncovered. This allowed SAIC to examine each
part of the guidebook by actually performing each of the steps and
procedures described.

Results of Software Quality Measurement Methodology Evaluation

As a result of this process, SAIC was able to gather data concerning the
labor effort required to perform the software quality measurement
process as described in the guidebooks. In addition, a full quality
assessment was performed on each of the two software test projects under
examination. Also gathered were data concerning the difficulty of
implementing and using the steps and procedures described in the
guidebook, and comments on the validity of the metric framework itself.

Conclusions

SAIC has identified both strengths and weaknesses in the software
quality measurement methodology process.
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i The strengths of the guidebooks include:

e The metric framework itself is sound and reasonable. The quality
scores determined for the test projects using this framework
corresponded to the quality as assessed subjectively by project

: personnel.

‘ e The guidebook methodology is divided into two volumes (one for
» quality specification by the acquisition manager, and one for
) quality evaluation by the developer or independent verification
N and validation personnel). This presentation is logical and
: helpful.

. e Specific steps and procedures are included in the guidebook, and
these are very helpful in understanding the entire measurement
process. Some examples are given which are also helpful.

® A preoposed Data Item Description that would allow reporting of
quality evaluation results to the acquisition manager or System
Program Office is useful.

In contrast, some weaknesses were also identified. These include:

e The guidebook presentation mixes theory, justification, examples,
and procedures to be followed. This is often confusing.

-~ an - -

o Information presented to allow the acquisition manager to
understand the metric framework and quality specification is
sketchy and confusing.

s

Guidance supplied in specifying quality goals includes a weighting
technique that will make quality assessment results each unique,
and therefore nct comparable across projects or applications.

- g
L
byl

NG L
, Y02
53

# Metric element questions, wused for evaluating document and
software quality, are sometimes very ambiguous and confusing in
themselves.

A

P
2,
b

s
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=
x

No methodclogy was suggested to support the collection of the data
used to answer metric element questions.

NN .P-" ]
' ¢ No detailed guidance was supplied to support evaluators when AN
problems or questions arise during metric worksheet scoring. \inja‘
--_'-."- .
LNCSEN
D Recommended Changes iy

Based on following the steps and procedures contained in the software
1 quality measurement guidebooks, SAIC has recommended some changes be
incorporated into the gquidebooks themselves. These changes include:
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Add more examples to the gquidebooks, but separate them from the
steps and procedures shown.

Continue research so that the relationship between actual system

N TN
:: quality and the predicted/measured system quality may be Nl
.: validated. falyle
4

X ® Provide training material and or classes for acquisition and e
evaluation personnel to help standardize the software quality ity
. measurement methodology, and no increase its acceptance and use in rrorio
! the Department of Defense as a whola. I ':a,'
> b ':'i
L ® Provide more information to the acquisition manager concerning the o “:.:
;c relationships and structure of the netric framework, and desciibe it
how he might select subszts cf this data to most effectively .'\!::
ensure that a quality system is developed, even if costs are . @
' restricted. ;:.a;:’.a;:‘

0y
N,

® Establish procedures for the handling of metric violations so that
the information gathered f£rom the evaluation process is most
effectively used.

Create workbooks to support the gathering of data needed for
3 metric evaluation in as efficient and effective way as possible.

Provide answer sheets for metric evaluation questions that are udtary
repeated for each unit in the system.

Create glossaries, examples, and procedures for the use of the

b Ny
metric evaluators to ensure that the questions are interpreted and .N\"',\
answered correctly. iy

general recommendations are:

In conjunction with the publication cf Department of Defense .

pamphlets AFSCP 800-43, Air Force Systems Command Software ALY

[ Management Indicators, and AFSCP 800-14, Air Force Systems Command RN,
« Software Quality Indicators, the Air Force Systems Command should ANEY
; sponsor the wuse of the software quality measurement (SQM) ":v-:
'y guidebooks on future system acquisitions. .:-:;'_\:::-
; e RADC should identify current on-going DOD acquisitions which are "C.
using all or part of the SQM guidebooks and capture data on the :‘-’::\_

) effectiveness of the guidebooks in these acquisitions. e
. .:{.-.‘.f
' e A research effort should be funded to make the changes recommended ::':-"
above to the gquidebooks. e
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1.0 INTRODUCTION .:‘:‘.7
A
This document is the final technical report produced for the Software 4&*
Quality Measurement Demonstration project, performed for the Rome Air SN
Development Center (RADC) by Science Applications International :.jﬁgﬁ
Corporation (SAIC). This section of the report describes its content
and organization. It also presents an overview of the purpose, gcals,
and methodology used in the project. Sgsﬁk
ipti iy
1.1 Document Description - 'aq
e,
This report was produced fer the Scftware Quality Measuremen: ‘”jk”
Demonstration (SQMD) project, conducted under contract F30602-85-C- Ci32. i l
It contains a description of the project and includes analysis results. ‘“2$q$i
data collected, and recommendations made by SAIC. ﬂ$ﬁﬁ?ﬁ
‘ .
, ‘|‘l‘|’l‘ r
The report is organized into the following sections: Cﬁﬁgﬁh
e The Executive Summary is a top-level overview of the —:icject ®
and the final technical report. c:,»;ﬁ‘
Wit
; . RO
e Section 1 describes the document’s purpose and organizatior.. ﬁ\’q;
It gives an overview of the methodology used on the contract o ¢:‘
and of the projects under analysis. ;.g@fﬁ
e Section 2 is an assessment of the measured quality of the CAGAGY
software projects under examination. R
"ot
(S Sl
e Section 3 includes the methodology evaluation results. These o
include the evaluation of trainee classes, quality goal :ij\;v

specification, and the application of metric worksheets. TS

e Section 4 lists the recommendations and conclusions drawn by
SAIC based on analysis results.

® Section S lists all documentation referenced in this report.
e Section 6 lists all acronyms used in this report.
1.2 Project Purpose

The intent of the SQMD project was to assess the feasibility and utility
of transferring software measurement technology to the acquisition
environment using software quality measurement guidebooks. These
guidebooks consist of three volumes: Specification of Software Quality
Attributes, Software Quality Specification Guidebook,  and  Software
Quality Evaluation Guidebook.

Under contract F30602-85-C-0132, SAIC conducted an investigation into
the application of software quality measurement (SQM) technology to two
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e test projects, and evaluated the technology’s utility as a quantitative 20
.- input to software quality assurance. To accomplish this, the following ;:6,
:.:: tasks were required in the project statement of work: .ci .:;

JU I&.
:‘,1'. e Develop a plan to implement this study based on the '.'.::
N methodology contained in the gquidebooks. ity
AN :é"';l

e Conduct independent software quality evaluatien and

validation to include goal specification, data collection, ol
:'.: worksheet scoring, assessment of time logs, and measurement :)-;_
_:.:‘ of goal achievement at review points. Q:"::

W ey
“1 e Evaluate the metric framework and methcdology; the clarity :_:

and completeness of factors, criteria, and metrics; the ease .

o of learm'ng‘, understanding, and apply'ing. metric techpo}ogy; ":"
i the wusability of the technology within the acquisition .
;:" process; the scundness of its approach; the usability and Rty
ol sffectiveness of the metric threshold and weighting approach; N :‘.lf
.‘ the anpropriateness of the selected metrics; and tne time M

requairan to pertorm the scftware quality measurement process. ;
o+ y - . 9 ]
oL 1.3 Software Quaiity Measuremert Methodolocy Overview ':'n
3 4
:: The procedures evaluated fo: this project are contained In the s

{r.'; three-volume methodology 7uidebcoks produced for RADC under contract .":.:":
A X FINECT 22.-€-0137. Th= quidebools contain a methodology for the software 0l
* { Sooutosrbion manager to apr’y softweare quality specification  and ®
.,» Acsesament ro the softwac acmtoirion nrecess.  Th2 guidebooks discuss :r:
LV e safrware webric framerork, ond knowledge of this framewcork is Lt
“-:;: coroat bt the irrztancing ~f this SAIT techrnical report. For t
;9 vio o~ res recomrended aepreach, see the  scftware  quality ld' o
Yoo canocewer iy depoot Ll ed ag 37T 10 ACF 2, 3nd ROE-3Y in Section 5.0 o

TyeoraeLart.

- - - }
-:; T awferepce oo, bre g b e uged L toe software quality ;:-\ \
::'\ PoaE L eRent 0MT methiodsiogyr ore described biriofly elow. The method Yy

N Ceh e ot ten piidebooks . Cre guidebook describes how the acquisition s
Y El E "w
\6.: man=~c . v gpecify anfruare cuzlity gcals ond assess compliance to )

: Res - nele, The  second 'X‘l" 4f=bcmk deccrives the software quality ':‘
e s.ayuatron vhat i3 to e mevtoised and reported to the acquisition -

i TANGIRC . NN

Co LR
- SOFTWARE QUALITY SPECIFICATION. This part ~£ the methcdology involves :.:
o, procedures for specifying quality requirements. Tt mcludes methods and At
At a techniques for determining and specifying quality factor requirements, e

for making quantifiable tradeoffs among quality factors, for relating 3
:QJ quality levels to cost over the software life cycle, and for analyzing >
" quality measurement data. A
», '::.P‘»‘
The steps to be followed by the software acquisition manager as he o,
s specifies quality goals include: e
®
[ -\.: ¢
f‘: 1-2 ::Q
o 7
[
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» Select and specify quality factors. This procedure consists
of identifying system functions, assigning quality factors
and goals, considering factor interrelationships, and
considering costs.

e Select and specify quality criteria. This procedure consists
of selecting criteria, assigning weighting formulas, and
considering interrelationships.

® Select and qualify metrics. This procedure consists of
identifying metrics, selecting metric elements, and
qualifying metric elements.

During the development of the system, the acquisition manager assesses
quality compliance. Based on evaluation reports, he performs this
process near the end of each scftware development phase. just prior * -
formal review. The purpose of the process 1is to assess compliance of
development products with software quality factor requiremnents containe-s
in the system specification and to predict the quality of the deliverer
software.

The steps involved in this precess include reviewing requirement
allocations and evaluation formulas, revieving factor scores, reviewing
criteria scores, and reviewing metric and metric element scores.

SOFTWARE QUALITY EVALUATION. Once the acguisition manager has specified
software quality goals, the products of each life cycle phase are
evaluated to determine if “l.e =ystem 1is meating these goals. These
measurements are generally gathered by the developer or by an
independent verification and vaiidation orgarization.

There are ifzur steps identified for completing the quality evaluation
process. These are:

e Identify allocation relationships. This procedure determines
the relationship between the system-level functions and
software elements to which the quality requirements have been
allocated.

® Apply worksheets. The second step of the process is to
collect metric data using worksheets.

e Score factors. During this step, scores are calculated for
each quality factor using factor scoresheets and information
from completed metric worksheets.

® Analyze scoring. Scoring results are used to determine
variations from requirements and the causes of these
variations. Corrective action is then recommended.
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1.4 SAIC Technical Approach

SAIC's approach to the SQMD project was to apply the measurement Y

technology as described in the guidebooks while maintaining extensive WY
\ records on all aspects of the project. 1In addition, SAIC collected data '_‘ ™)
[ on the training and experiences of both inexperienced and experienced e

team members concerning the application of software metric technology. ey

This approach is illustrated in Figure 1.4-1.

5 ;

SAIC’'s quantitative approach to data collection and evaluation was based _‘\‘; !

1 on using forms, score sheets, worksheets, and analysis reports to -g; ]
document and record project data. This data included tasks !
accomplished, labor effort required, results, and any problems .‘..«

encountered during the measurement process.

Data was <collected concerning any difficulties encountered while I.:':":::'.
! implementing the software quality measur~ment methodology wusing 't,::u.:'\:l
Methodnlogy Prcoblem Reports (MPRs), shown in Figure 1.4-2. Any metric '\1”' 1
) viclations were recorded on Techmical Problem Reports (TPRs), shown in :-Vﬁ;-
; Figare 1.4-3. Project time loys were used to collect data to allow Il
nsys51s of time requrred to perform project tasks. Figure 1.4-4 .9

contains this log.

Prreoect tasks were heen decorncsed inte the following steps, each of S
which is discussed briefly belcw:

wVa e w e

®* Traln 1nexperienced ieam members

Specify quality requirements

Evaiuate compliance to quaiity requirements

ALsess compliance

A v "
; » Analyr-a resuits j::::
N
Tia ming inexperienced team members was a formal instruction process s
nvolving classroom lectures and workbook exercises. The class was MDA
originally planned only for members cof the project team who were not it
erperienced with metric technology. However, more experienced team — o
mempers expressed interest in the training and each decided to attend :‘::.f:
class. Section 3.2 discusses this training further. Two junior {Jf,-.:'\-
; analysts joined the project after class completion. Their training was N'.tf:'_
: conducted informally by project leaders. A
' ,\:\:\-
Specifying quality requirements was accomplished with a user o
questionnaire. The questionnaire concerned desirable quality goals, and Lo B
f was prepared and distributed to the developers of the test project . 'a:'
y decision aids and to SAIC project members. Based on these responses and :N\':\-.,,
the SQM methodology, goals for quality factors were determined, criteria -'.:.r\ g
5 weighted to calculate factor scores, and metric element questions ;«\1\#
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METHODOLOGY PROBLEM REPORT

Problem Report Number:

Analyst:
Date:
Applicable Document(s)
Tasks:
_ — InTraining _ Correlate Surveys SQMD Team —-— Other
Hamework ~ Create Worksheet
Explain
\ e Juiiect Survey Respenses ——— Allocate Functions
; —e. Factor Suec:t 2 o e Esaliate Wormchoes
: - .= Critena Specticat oo - Soore [esutts e
. e Merc Spec fration . Dawa Creeration
'
¥
Related
Factor o Criterid Metric: Worksheet: —_—
i
i
l .
' Piglv s atement —_

Rerom mendation: .

Probtem Summary"

S —

R

FIGURE 1.4-2 METHODOLOGY PROBLEM REPORT
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TECHNICAL PROBLEM REPORT

Decision Aid: ECOAEA ESCMA Number: "!';'I
4]

Metric Element: Worksheet: Analyst: wehide,
Y Wag,

Date:

Document:

Problem:

Test Recommendations:

Impact:

—— Crivcal ____ Moderate —— Test To Vahdate Probiem

—— Light — None —— Do Not Test

TPR RESPONSE

Par Analyst: ___

Date:

Validity:

— Vald

— Invahd

Reason

Probable Action:

Significance:

—— Critical Comment Before Next Phase

—— Moderate —— Correct But No Set Time

— Light ——— Request Waiver and Not Correct

—— None — lgnore e

Comments:

-
v
.

:"'{
s

P
o
%Y

0o
" .':l’(.:‘
‘. l' -

FIGURE 1.4-3 TECHNICAL PROBLEM REPORT
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selected. Section 3.3 discusses this process in further detail.

Evaluation of compliance to quality requirements used the worksheets
shown in Volume III of the gquidebook. Quality measurements were taken
for each life cycle phase for both test project decision aids. 1In the
ordinary acquisition process, only data selected during quality goal
specification would have been collected. Due to the research nature of
this effort, however, all metric questions were evaluated and scored.
The result was the creation of two sets of quality compliance scores:
one using only those factors, criteria, and metrics that were selected
and applicable; and one using all metric element questions. Pairs of
scores were calculated for each test project decision aid for each
software phase. Sections 3.4 and 3.5 contain more details on this
process.

Compliance assessment was made based on the quality goals specified fo:
the decision aids. Comparisons were made between achieved scores and
project goals. Each metric violation was discussed with projecr
developers to assess its wvalidity and its potential impact on i
decision aid systems. Analysis was done on the achieved system quali:y
as compared to the predicted quality assessed at each phase of the life
cycle. Section 2.0 presents the results of this assessment.

Based on the data collected and all tasks performed, SAIC analyzec the
results to indicate decision aid quality and to evaluate the metric
methodology. Sections 2.0 and 3.0 contain the results of this effort,
and Section 4.0 presents recommendations and conclusions drawn by SAIC.

1.5 Decision Aid Overview

The decision aids were developed in order to apply decision aid
technology to selected tasks of Tactical Air Battle Staff decision
making. The purpose of the aids was to aid in planning, designing.
demonstrating, and assessing the operational utility and technical
feasibility of the applied technology for operational Tactical Air Force
personnel. The aids were intended to focus on crisis and wartime
decision-making having the potential of materially affecting the outcome
of a battle.

To meet these goals, four aids were developed. SAIC has analyzed two of
these: the Enemy Sortie Capability Measurement Aid (ESCMA) and the Enemy
Course of Action Evaluation Aid (ECOAEA).

The ESCMA was designed to perform quantitative analysis to estimate an
enemy’s sortie generation capability. It was based on models of how
components of installations combine to determine sortie generation, and
it identifies combinations of circumstances that can affect this
capability. Expected bad weather and serious hangar damage are two
example circumstances which might combine to reduce enemy sorties from a
particular airfield or for a particular mission.

1-9
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The ECOAEA allows a user to evaluate various hypotheses on enemy courses
of action based on current intelligence gathered about enemy forces,
weather, supply needs, etc. It estimates which of the actions would be
seen as most favorable from an enemy commander’s viewpoint. The aid
prompts the user to give subjective inputs and/or importance weights for
evaluation factors deemed necessary to perform an analysis on the
probability of a certain hypothesis. This information closely resembles
that which analysts presently use to form their hypotheses.

After the creation of the aids, they were evaluated by their potential
users. Techniques were developed to allow RADC engineers to demonstrate
system use and capabilities at RADC.

The main focus of the development of these aids was not to create a
system to be fielded, but rather to demonstrate a prototype capability
for future deployment in the field. The aids were designed to
eventually use existing intelligence data bases, but this initial
implementation used sample data and was not intended to actually access
the data bases. The development methodology was intended to produce
this demonstration prototype system rather than to create a fully
maintainable, fielded system.
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2.0 QUALITY EVALUATION RESULTS

This section of the report discusses the results of assessing the

P

quality of the Enemy Course of Action Evaluation Aid {(ECOAEA) and the ':i..w"'
Enemy Sortie Capability Measurement Aid (ESCMA). Quality was assessed "t:..l:::
for each aid at the requirements, design, detailed design, and coding OO
levels. Though measurement was not performed concurtrently with the ~
development process, the decision aid systems wers the best aveilable AN
test vehicle for the demonstration of the software guality measarement s::-.::t".‘
~ -'-

methodology.

In general, measured guality; scores 4id not meet quality specification "ol
goals set at the beginrine ¢l thig project. Thiz i1s dua, we believr, o . @&
' three separate factcrs. 9.‘:#

The first factor concerns the rsture of the development of the decisics W0
! aid systems. Both aids are procf-of-coacept systems that were intende et i
! to demonstrate a capability. While the developer wished to produc= .=~ _;- Y
deliver a high guality ayster zad specified goalis to that 1--el, .,
achievement was rnot likely (¢ be within the scope or tudnet of tne 5
\ effort itself. The main concer: was to Create a working prodict, T el

the time and budget specified by the prouram office.

)
) The second factor relates to the software cquality measu s>zt "z::
methodology. The metiic evaluation elements were not designed to it
reflect the quality of decision aid developments. Much of the content .

of a decision aid or expert-based system lies in the rule base used to :-:;\,

| drive the conclusions. This rule base did not lend itself to the N
current metric questions, and was not scored for this assessment. The F\&:“
present state of the art allows algorithms and more standard dats N,
) structures to be evaluated, but does not adequately address the rule .,,!'w

base itself. -
o

The third factor concerns the knowledge of the developers about software s~_-\$ ")
quality assessment technology. Software quality goal specification anc N,
p measurement were not familiar to the engineers involved in the system I}‘:.-«.j-\._
development and in specifying quality goals. This lack of familiarity N

resulted in the engineers specifying goals that were above those really ®

! required to guarantee that the system be effective and successful. E:R__-.
-.--\
LR &t

? For both aids, the quality results discussed below include only the -"--:::
scores achieved by evaluating a selected set of applicable metric :;'_'.:::.:

questions. Because of the research nature of this effort, data was ...-._,,x"
collected for all metric questions. In actual use, however, only those Y

elements applicable to the project and selected at quality goal "’d\
specification would have been evaluated. NN
::\-:\ ‘

The differences between scores calculated using all metric questions (as
was done for research purposes) and scores calculated using only
applicable questions indicates the potential differences caused by AN Y

o’

5"’:,,
2oL,
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analyst scoring subjectivity. Figure 2.0-1 illustrates this using the
quality factors evaluated for the ECQAEA decision aid on Worksheet 1.
The lightly shaded bars on the fiqure represent scores calculated using
only the applicable metric elements, and the solid bars represent scores
calculated considering all elements, regardless of applicability.

Applicability is an important attribute to consider. If such choices
are left to the individual analyst, wide variations in scoring can
result purely from his selection of how to answer some questions. For
example, an analyst may decide to answer a particular guestion as "N/A"
rather than as "no" or "0." The metric, criteria, and factor scores
will each be higher if "N, A" is selected than if "no" or "0" 1s used.
Because of this subjectivity and potential variaticns among analysts,
SAIC is recommending that procedures be established specifying when the
"N/A" answer may be used (see Section 4.4.7).

2.1 Quality Assessment Results
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developers were able to fully understand their tasks, and to perform ff‘”‘ "
them even if the documents were lacking. Because of their skill and )
experience, therefore, the developers were able to create a better gt
quality system than one would expect based only on project “o':}::‘.:s
documentation. This in no way invalidates the software quality “ ..q
measurement methodology. In a large-scale acquisition, it is less "' "
possible for skill and experience to overcome early project :\t"'«
deficiencies. It is vital that early quality be high, and that this
standard be maintained throughout development of these systems.
2.2 Technical Problems Uncovered ‘*’:W'
\.5::5:'
On the requirements and preliminary design worksheets, SAIC created e
technical problem reports whenever a metric violation was uncovered. —
Time and budget did not permit the generation of these reports for : (.
violations uncovered iuring detailed design and coding worksheet ‘.:Qs.-
oD s 1 1 ‘. ‘
evaluation. o 4
. e !
Toorsason (oo gencrav.ng cm‘lcal problem reperts was tc gather “,n:"
afnrmaticn concemning Che d veloper's responses ¢ ithe preoblems that ¥y
e.e disccvered. I;v iz, 249 repor t: were written. Of these, 135
oncerned questions tnat were actually rot applicable o the decision ]%’i‘e
1id systems or cencerned non-existent standards, and no developer ‘k:"':'
response was reqguested. B
SR
The 7. loper recpended te the remaining 144 commenis, as shown below: u—-k o)
@ . —echnical rp:izbles .z identified as beiny both wvalid and of a WAL,
- ical nature. This prcblem concerned the general quality of :{,—:._:
nc do. mentation, and particularly the discrepancy betweer the _.'::,."\-,:
Z2sligred waits and the z2oded units. The developer agreed with the ¢ {.‘J'p
prcbles repor:, and identified the ._crrection as of critical E;‘\p
SwpeLs b the  System. Maintainakiiity, ‘1 rarcticular, was -
.Aes:rihed as being lowered by the decurznit quality. NS
NN
@ > .echnircal prcblems were identified as valid and as having a g::'_.\
ncderate :mpact on the quality cf the system. e
.“ 3\

22
7722
3

» .03 problems were identified as vaiid, but with only slight impact
sr. the quality c¢f the twe decision aids.

Fains

e 24 protlems were identified as wvalid, but of nc impact on the e
quality of either aid. This was -ive chiefly o the size of the -::-.::-.:::.
two decisicn aid systems. :.::-_:::-:.:
[SACEE

.
»
.

e 5 technical problems were identified as invalid, and as having no
meaning with respect to the quality of the decision aids.

SAIC agrees with the evaluation responses made by the developer.
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A sample of the developers comments on the problems uncovered are
included below. Both comments were categorized as valid, and as having
moderate impact on the quality of the system.

Concerning Worksheet 2, Metrics AT.1(3), AT.2(3), and AT.3(1):
[Questions concern auxiliary storage space allocated, processing time
allocated, and 1,0 channel time allocated]

Providing more detailed documentation on the allocations [of time and
space] at the outset might be counterproductive because, as the {SATT]
analyst suggests, of the prototype nature of the aid -- and because cof
the comparatively rich facilities (in particular, the VAX 11/750:
available. It could be demonstrated at the cutset that time and space
allocations will not be a problem: even a distinctly subopiimal
preliminary design would be adequate to prove that point. ... The rzal
interest lies in makinru good— not just adequate —— time and srace
allocations, in particular with a view to subsequent porting to =
microcomputer. Concurrent system design and protcotyping, with each
activity informing the cther, is an ex-ellent way cf achieving good tis-
and space allccations when, as in the present case, neithetr time i -
space requirements are overly constrained, and the overall program is =a
relatively small one. ... Knowing that one is going to have tc formali:

such observations at some point leads tc a raising of the <onsciousnes-
that may indeed prove beneficial.

Concerning Worksheet 2, AM.3(1): [Recovery from computational failures]

Many failures and errors can be covered by standard programming
techniques and should not have to be addressed individually at the
program design level.

2.3 Score validation

The decision developers conducted testing to verify the wvalidity of
some of the quality factor scores. In particular, they 1looked at
REUSABILITY, PORTABILITY, and the criterion anomaly management.

2.3.1 ESCMA

Limited time was available to the developers to review the 15,000 lines
of ESCMA code. Since the decision aid was actually developed by a
sub-contractor (Betac), PAR had no access to object code nor to a
compiler. The comments below should be understood in the light that
they are the best analysis possible, but it was impossible to check the
results presented in many ways that would have been possible 1if the
object code or a compiler had been available.

Anomaly Management. All file access within ESCMA is handled by

instructions that are built into Pascal. No special provisions for
file-access error handling were included in the code. Accordingly, all
such errors are dealt in default ways determined by the interaction of
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the compiled code and the operating system.

No checks were found for data errors from files. Wwhile no underflow or
overflow checking was done within the Pascal code, the 1linear
programming pacakge used with the system does make such checks.

REUSABILITY. Several of the sections of code could be reused in other
applications. This includes the linear programming package, keyboard
procedures, and screen procedures. This includes approximately 15% of
the code. No other reusable code was detected.

2.3.2 ECOAEA

The ECOAEA was written in-house by the developers, and for these tests
they had full accessibility to the code and its modifications.

Anomaly Management. There are several routines in the aid that handle
missing data files. If a file is non-existent, an error routine is
cailed. The routine prints a message, and then terminates the process.
ZCCAEA does not check for the validity of the values it reads or uses.
For this particular aid, most of the values are originally primitive
input values which are then aggregated. As a prototype, ECOAEA assumed
the input data values to be correct, with the assumption that any
produced values were then also valid. All user inputs, other than the
<BREAK> key, are trapped and handled by the program, but there is no
checking for overflow or underflow.

REUSABILITY. There is a routine (get option in file windows.c) which N e
returns =ser inputs at menu selections. It is easily reusable. This j&}j&
ni~ca of code has been used by the developer in a variety of projects, DD
~: .t only minor modifications. 1In addition, the entire file (colors.c) e
is « generic version of the UNIX cursor package. Any software which RANEY

yens 3 Vi-220 or compatible terminal will be abie to use the tools which

thic file provides. These tools include code fcr moving the cursor to a 33?~*'
spec:fic position, clearing a line, clearing a window, for inverse -,:,:,;
viden, and for specifying foreground and background colors. ::\$~ )
--_‘-’\ :

. . . < . . . N

PORTABILITY. The basic underlying software of ECOAEA is currently being KRS

vses in anotiier application by the developer. This application involved
porting code from its origiral development area (VAX 11,750 under UNiX,
32-bit machine) to an Intel 310 machine, running XENIX in a 16-bit
envircnment. The following is a brief description of the amount of time
and effort spent in transporting.
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The single biggest problem the developer had to deal with was the memory
limitation and model of the Intel machine. PAR spent 3-4 days in
recompiling the pieces of the source code with appropriate memory
models. The main problem encountered here was redefining the sizes of
the wvarious data structures used. The Intel machine is
byte-addressable, meaning some fields (i.e., integers and floating
point) needed to be aligned on even number addresses. Additionally,
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problems were encountered when a structure size was an odd number of
bytes. Many of these problems were not apparent at compilation time,
and only careful debugging work allowed them to be solved.

-‘”1 P - a
N
o A f.?f

58S

sr?a

,

The other serious problem the developer encountered ccncerned integer
length. "C" provides facilities for declaring integers in three
different ways. These are INT X; SHORT INT ¥; and LONG INT X:. By

.

definition, the last two of these declarations will result in integers Aoy,
of equal length. For the VAX environment, the first and third vt
declarations result in integers of 4 bytes, while the csecond in an ,"; i
integer of 2 bytes. The Intel machine set aside 2 bytes for the first pd )
and second forms, and 4 bytes for the third. A gocd deal of tliee was -~ \.l:
spent changing many instances of the first form to the third. Once BN
again, these problems were not discovered until actual execution > the ey w'
program revealed some suspicious results. h:'«,"ﬁ‘,'t
. l‘(‘i‘.‘( L

2.3.3 Conclusions Sty
-J., 4

Based on input from the developer, SAIC has concluded that the measurea ¥ _e
quality results do roughly coriespond to those as supplied by the ®
developer (and as subjectively assessed by the evaluaticn teams!. ?:-’5‘\.,
However, these results are =still in the realm of excellent, gecod, 'a:_i::.-.‘-
average, and below. Research needs to continue to support establishing EANRNY
the relationship between measured quality and real-world results. '.r:‘_'}\r
A

I

Pad o,

r:.-:‘.'.)-.'.

TGN

TN

O

Py

MRS

i Ny

o
o '.k.
ol
'3
Ao

e

NN

e

'/.’:h.*

-J-

A AIN

s ‘v
O

'n:'v’/_'-':‘l

\f\',.‘l"i

NG
AN
'\"'v""" 8
PR

i [ ]
3
;

2-9 '.r;klt

o% L

£

.9

LYY N

e e A A A A e A , NN
o e ' "ot e e e LI S T IR T 2 R T T 0 TP T TS T SR T T T I R A R
N :ﬂ&}ﬁf':'\r\f,_f“-:‘fz T A e GOy LA AC NI N0 NN
NI A N A N FAl O T N ol o LN P ':h.r NN NN I NN T AN

L '. oty 0y el ‘u. 4%, .. 8.8, * X " 'r " - ’N"\-‘\\v \v" W "\.\-’\"\-\"\‘\ "'."\"'



3.0 METHODOLOGY EVALUATION RESULTS

This section of the technical report describes in detail the results of
analysis and project efforts concerning the software quality measurement
(SQM) methodology itself. The section is organized to reflect the
metric application process, as follows:

® Section 3.1 contains results that apply to the entire quality
specification and evaluation process.

® Section 3.2 describes in detail the analysis of the class
SAIC conducted to train personnel not yet experienced with
software metrics. It also discusses differences found
between the analysis efforts of the experienced and th:
inexperienced teams.

® Section 3.3 discusses the process of the specification of
software quality goals bv the acquisition manager.

e Section 3.4 contains the results of the application of
metric element worksheet questions to the decision aid
documentation.

e Section 3.5 describes metric scoring as performed on the
decision aids.

Throughout discussion of these results, references are made to the
recommendations and conclusions contained in Section 4. For each
problem uncovered, there is a recommended solution in Section 4.

3.1 General Results

This section presents some very generalized results of the methodology
evaluation process. It first discusses some overall observations, ard
then presents information on the labor effort required to perform the
quality evaluation on the two decision aid systems.

3.1.1 General Observations

SAIC followed each of the steps of the software quality measurement
methodology presented in the guidebooks. In general, we found the
methodology to be sound. The procedures and steps to be performed are
basically logical and meaningful, and yield meaningful results. On the
more negative side, we found that details were often presented in a
confusing fashion. The mixture of justification, theory, procedures,
and examples did not do full justice to any part of the methodology.
The metric evaluation elements or questions were, in particular, found
to be ambiguous and confusing.
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3.1.2 Methodology Labor Effort

As each step of the software quality measurement methodology was
performed, labor records were kept to indicate how long each-took. A
total of 852 hours were spent in specifying quality goals and evaluating
quality for the two decision aids. Figure 3.1-1 shows how the effort
was distributed among the major tasks contained in the guidebook
methodology for quality goal specification and quality evaluation.

The labor required to perform the decision aid quality assessment is
more meaningful when considered against the amount of material analyzed.
Table 3.1-1 shows the size of each of the products analyzed during the
quality assessment procedures.

As was expected, the most time-consuming aspect of this process is the
evaluation of worksheets and collection of metric data. Early
worksheets (0, 1, and 2} were applied only once, and toock relatively
littlie time to complete. The final worksheets (3A & 3B, and 4A & 4B),
applied tc eacti unit in the system, were quite time-<zonsuming. The 3A &
3B worksheets were faster to evaluate than were the 4a & 4B worksheets,
-hiefly because not every coded unit was included in the design of
either of the two aids.

We have also correlated the labor effort required to evaluate the
worksheets based on criteria and factors. Tables 3.1-2 and 3.1-3
2resan”. the amount of time required to collect quality factor data for
eac:. worksheet, ard the total across all worksheets for each aid.
igutec 3.1-2 through 3.1-4 cere graphical representations of the time
requi »d to evaluate factors for both aids together (Figure 3.1-2), for
oM alone  ‘Figure 3.1-3), and for ECOAEA alone (Figure 3.1-4).
Lo tix B presents the information for the software quality criteria.
tis may e mere me.ningful becaus: coiteria which are applicable to
nere “hat one [factor osve counted mrre than once in collecting the factor
avoluation time data.

Je Delicve that the differences i1n :ime required between the two
deci=ivn aids is chiefly due to the size of the documents involved and
the sxvwant final source 2ode produced. The same tailoring process was
used on each aid, so that there were no differences in the number of
tecr.T juestions answersd.,  While each 4t was pr.duced by a different
sortracuor, they are c€ similar natures and similar measured quality, so
we believe no major differences were introduced in tha*t regard.

In addition to evaluating factor and criterion: times, we also calculated
now long each software unit *ook to evaluate during application of
Worksheet 43. Figure 3.1-5 represents the time it took to evaluate each
unit in the ECOAEA as plotted against unrit size. As expected, there
seems 0 be 41 strong relationship between the size <f the unit and how
long it takes to answer questions concerning that unit. The points
below the tremd iine represents units typically more camplex than other
units. Conversely, those above represent less oomplex units.
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us TABLE 3.1-1 DECISION AID DOCUMENT SIZE ‘
)
|:',‘| ;‘. '
"
W '
‘W o
", DECISION AID oy
Y WORKSHEET AND '?.V',:
) PRODUCT N
ENEMY COURSE OF ENEMY SORTIE CAPABILITY "
[ ACTION EVALUATION AID MEASUREMENT AID ENIN
't' :.,( )
66 PAGES 142 PAGES &
s (FUNCTIONAL DESCRIPTION) ((FUNCTIONAL DESCRIPTION) PRI
W WORKSHEET 1 \
g e
Sy ) i
t:" | ) \
'.' ! L -.P'
U ' "o
piA o 6 PAGES 142 PAGES oy
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3.2 Experienced/Inexperienced Project Members e
e
As part of the project, SAIC utilized two separate teams of analysts. ALY
Each team evaluated one of the two decision aids used as test projects. .:\__\}.f_'
The teams varied in experience, with one team new to metric application R
and one team consisting of personnel who had worked with metric elements NN
on other projects. ;,‘.‘-}.'_h_'.
3.2.1 Class Evaluation A
Rt
Part of SAIC's approach to the project involved the training of the ':.w.': q
inexperienced project members. This training consisted of a formal ety
class presented over a three-day period. The class was intended fn -~ o
familiarize students with the metric framework, and with the SQOM aratet
methodology specifically. The class consisted of lecture ,ques*icn @
sessions, and included outside "homework" in the form of werkbooks. ""c::',
Figure 3.2-1 presents the outline of the class as taught. 'l::s"::g":
Though the class had originally been planned only foi those .aev "o 4[;-";",
software measurement technology, each of the more experienzed teum Sy
members expressed interest in attending. Each experienced perscn han °
worked on other projects involving software metrics, but felt that h: FIENE
knowledge was incomplete. After discussion of project goals, ' was iy
decided that all members should attend the class. The presence ! g
experienced personnel gave the "newcomers"” the benefit of real-world oAy
experiences during class discussions. In addition, the common 'Qtu‘:&
information and focus provided a single unified starting point f~r all e
project tasks. It was also noted that even though experienced, the T
“oldtimers” did not know everything discussed in the software quality .ﬁ"»\.:.
measurement methodology guidebooks. The training provided them with new :.-",; Ny
information to be used on the project. iv«.ﬁ-s

!
After class completion, while each team member was actively working on REE A&
the specification of quality goals or metric application, each attendee ——
was asked to evaluate the effectiveness and quality of the class RS
sessions. Figure 3.2-2 is the form each student was asked to use. AN
Forms were not filled out by class attendees who subsequently left the '-_,.'\;\-:
project. Section 3.2.3 discusses project personnel further. e
AN

Table 3.2-1 presents the ratings given to the class by the students. .. ®
These ratings are on a scale of 1 to 5, with 5 meaning most effective. NS
The ratings do not correlate directly with levels of experience or areas "_‘}_.C
of expertise. Comments did consistently show, however, that the \':-::-;3.
students desired examples and practice with actual metric question R
evaluation as part of the class. AN
L
After training was completed, two junior analysts joined the project. ATy
Both were inexperienced with software measurement methodologies and were ‘}'}.j-.
placed on the "inexperienced" team. Training of these analysts was RN
conducted informally by other project personnel. The result of the :f-.)_-.':,'
informal training was that while able to complete all tasks, the two :"_:&f;-f
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N junior analysts had a much less complete idea of the process of metric bgt .
specification and evaluation. They had more difficulty understanding ®
X the reasons behind some of the steps. They alsc tended to believe that bty
A their own lack of understanding was causing a prchklem, even :1f the ey
G problem was actually in the methodology itself. This was rarticu arly Bgt:‘
B evident in worksheet evaluation. Neither aralyst produced many e
148 Methodology Problem Reports when they encountered -ifficult-es wi*h a NI
- metric element question. Inst=ad, each believei that any pichlen . in S
» his own lack of understanding. not in the questicn Itseif. S:in:  “her _an
: analysts examined and evaluated every metri. questicn as will, whie A }AQS
W not impact SAIC analysis efforts. :;},\
e
A Based on SAIC's experience with training and with metric appli-a%ion Kji“?
y are recommending that training feither in the form nt Classes 2ol Y
prepared materials) be made available to both acquisition manajers o7 @
: to those who will be evaluating metric compliance. This is disrusze” o ~:,ty
R paragraph 4.2.3. :”:?:
. : oy
: 3.2.2 Differences Causea iy Experience ;mjzj
i’ A
; At the beginning of the project. we erpected certain differen-es tc sh7 "'a
b up between the more experienced and less experienced pi.; e~ analwys SIETE
o We anticipated that the less experienced personnel would perfcrm im=’! :p;xj'
Q: specification and assessment tasks 1255 guickly than woi'la the o A,
e, experienced. The less experienced ‘eam was expected tc h3ise nove piSAY)
iy questions, and to understand the evaluation process less rompletel - ::::;
. avel
These expected differences proved to be correct. Table 3.2-2 contains ;ﬂga
\ some of the differences between the experienced and inexper:ienced 5:%?5
: project personnel in performing software quality evaluatior tasks. The -:Aqg
[ more experienced project personnel were faster at metrit gyuest:on giﬁ“
evaluation and generated fewer problem reports concerninc  rho o Nﬂb
k methodology itself. Y
n . . . s . . iy
; The less experienced team did, in addition, reach frustration eveis Fqu
N earlier than did the more experienced team. Wher Juesticns were G
! particularly confusing or ambiguous, or the documentation being analyred '~
“ particularly deficient, the 1less experienced analysts found the N
2. experience frustrating. The other team was better able tc deal with

these problems.
i} 3.2.3 Project Personnel
! Figure 3.2-3 presents both the original organization of the project team

", and the revised organization used throughout most of the project. The
team evaluating the Enemy Sortie Capability Measurement Aid, which is

A written in Pascal, was selected because of their experience with that
g language. The team evaluating the Enemy Course of Action Evaluation Aid
: was selected because of familiarity with the language it is written in,
\ "C."
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Some personnel changes took place over the life of the project. Ms.
Cindy Bowen, Ms. Susan Fenwick, Ms. Linda Mauer, and Mr. Bill Randall
left the project before worksheet evaluation began. Two junior
analysts, Mr. John Garcia and Ms. Louise Wine, joined the project in
their place and were assigned to the inexperienced project team.

3.3 Software Quality Requirements Specification

The first step in the software quality measurement (SQM) methodology

involves the specification of quality requirements by the acquisition NN
manager. These requirements include those applicable to the quality NN
factors, the criteria tc be used and their rela*ive weightings, and the s
selection of the applicable metric elements to he evaluated on the AT
various worksheets. v

The metbedology, r-sul:s, and problems encountered during the
app ication of jquality geal spesification are described in this s«zcotion.
The ma'ei.al 1s organized as follows:
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o Select and Specify Quality Criteria
- Select criteria
- Assign weighting formulas
- Consider interrelationships

® Select and Specify Quality Metrics
- Identify metrics
- Select and qualify metric elements

The result of this process is the specification of the quality goals a
system is to meet. The process is described in detail in Volume II of
the gquidebooks (BOE-2]}, in paragraphs 4.1, 4.2, and 4.3. Paragraphs
below describe the way SAIC performed each of these steps in compliance
with the SQM methodology, together with the results obtained.

3.3.2 Select and Specify Quality Factors

To specify quality factors, SAIC used the quality goal survey
questionnaire described in the software quality measurement methodology
quidebooks. This survey is designed to afford a means of determining
desirable quality goals as seen by the potential users and acquisition
managers. For the decision aid project, surveys were sent to the
original system developer (PAR) and to the SAIC team members working on
this effort. 1In addition, each was asked to fill out a response form
indicating their reactions to the validity and conduct of the survey.
The survey questionnaire is presented in Appendix A.

Table 3.3-1 indicates the survey results for each respondee for each
decision aid. The quality goals to be specified by each user were of
the form Excellent, Good, Average, and Not Applicable. These goals
correspond to numeric quality factor scores of 0 (Not Applicable), .7 to
.8 (Average), .8 to .9 (Good), and .9 to 1.0 (Excellent).

e

TABLE 33-1 QUALITY GOAL SURVEY RESULTS
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One problem with this goal specification process is that there is no
relationship or quantification of the quality factors with respect to
mission acceptability or performance. A System Project Officer does not
know if "good" RELIABILITY 1is good enough, or if "excrllent" is
required. Baseline values or experience values would be o valuable
addition to aid the SPO and provide him with a basis for picking a
particular goal level.

Each decision aid is 'a relatively small system, and was therefore
treated as a single Computer Software Configuration Item (CSCI}). No
subsystems were identified in the documentation for either aid, nor were
separate sets of documents developed as they are for multiple CSCIs.

The software quality measurement (SQM) methodology directs that separate
quality goals are to be developed for each system function. When the
user surveys are distributed, however, no information is contained on
the forms that specifies exactly what the identified functions are. As
a result, it s up to eaclh survey respondee to list the functions as he
telieves they exist. This can ca:se areat confusion and difficulty.
Section 4.3.9 contairz SAIC’'s recommenced solution to this problem.

As an example of the confusion that can occur, the four functions
identified by the developer (PAR Technclogy) for ESCMA are:

Driver

Calculation
Seansitivity analysis
Report Generation

dcwever, the ESCMA functional description [PAR-4], describes the
funrtions as:

» Identify a:=as of operaticn and aircraftyairfieids of
intesost

e Jpdate airfield and aircraft rescurce status

#  Sstabiicn aircraft sortie and resource consutnption rates and
minimun rodui Tement -

e Develop objective function and constraint egquations for
optimization

e Compute mexilamum sSortis rates

# Develop and document =nremy sortie capability e “imate

Functioral deccmpesition is in ener 2’ 40 suhfective  process,  and
typically results in varying lists ~f what - nstitutes the systoem
functions. These discrepancies <oriainly were evident in  this
methndology step. For this rear o, 3200 js rocommending a modified
approach tc the user quectionnaire. Thrs approach 1s digcussed i
Sections 4.3.5 and 4.3.9, and wses £ovricnal oot coecification only
when functions have bheen i1dentified and srocifiosd ' fvn -mality anal
specification is to take place. Otherwize, only system-wide goal
3-20
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setting is used.

SAIC did not use the functional allocation given by the developer or as

; shown in the documentation because we believe that quality results ™~
calculated on that basis are misleading. The subjectivity of functional .;,l'

; decomposition detracts from the quantitative results that the software A Moy

! measurement technology 1is attempting to build and validate. we G

recommend that this additional subjectivity be eliminated until methods

have been developed for more objective functional decomposition, and for Y
the setting of various goals among functions based on sound reasoning ,:_-‘;,’*
~ and theoretical analyses. Lol
L LAY,
' To analyze the ESCMA and ECCAEA data, SAIC consolidated all of the /\:‘3
various specified functional goals into single system—wide a7t ®
goals. To accomplish this, the highest functional goal for each factor RN

was taken as the system—wide goal. As an example, the quality goals for
the factor USABILITY were listed as Good, Excellent, Excellent anc

~ Average for the four develcper-identified functions. One approach *o ':-”M

X establishing a system-wide goal might be to average these funet:onal '-;:'.:_\,“
goals (with a result of a goal of Good for USABILITY). We think 1t i« B
better to have goals that reflect the highest standard desired, and s~ - __._
instead have chosen to establish the goal as Excellent. This was chose; .:s.';nj
because at this level, the quality can only be as good as its we:«kest ::';.-,.

function. A

Table 3.3-1, presented earlier, lists the goals specified by the PatLYY,
developer and by SAIC analysts. SAIC analysts were included in the ®
survey for two reasons. The first was to give us experience in goal o .:_'x'
setting, to better allow assessment of hcow an acquisition manager or :{:-:: ':;
developer might respond to the survey. The second reason was to provide }\':-.':-.-‘
more data points for the process of final goal specification. The ,Q:‘-‘\-:.:,
acquisition manager 1is 1likely tn have several survey responsssz to ]
consolidate, and we wished to duplicate his experience. The qualz set : '
by the SAIC analysts were derived to the best of their knowledge. but SN
are not as meaningful as those that an acquisition manager would set -'_:.-j-}}_'..
himself. The goals listed in the table reflect the highest gocal for any "_.,1;
Y subsystem for each factor, as described above. '-::.-'_‘_.-:
2

Using developer and SAIC survey responses resulted in correlating three i
separate sets of goals for the ESCMA aid, and four sets for the ECOAEA POy
aid. Analysis was made of the variation in results for each factor for RN
both aids. RN
Y,

For the ESCMA aid, the SAIC analysts agreed exactly on eight factors out SN
of the thirteen. For four other factors, agreement was only one rating A

apart {(between "Not Applicable" and "Average," or between "Good" and
"Excellent," for example). One factor was two ratings apart ("Average"
and "Excellent" for EXPANDABILITY). Including the developer’s responses
resulted in less agreement. Only three factors matched exactly, eight
were one rating apart, and two were two ratings apart. This data, as
well as data for the ECOAEA aid, are shown in Table 3.3-2.
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TABLE 3.3-2 VARIATION IN GOALS AMONG ANALYSTS

ESCMA ECAOAEA

VARIATION SAIC ALL*  SAIC ALL*

NO VARIATION

1 LETTER GRADE
2 LETTER GRADES
3 LETTER GRADES**

* includes developer
** N/A is treated as one letter grade below average (A)

Analvsis indicates that the differences in goal specification shifted
toward greater variation whern the goalz of the developer were included.
There was greazer aqreamen: ameong SAIC analysts than there was among
3AIC analysts ud the projech developers, Less wvariations wetrz also
chows ameong the anslyste for the ESOMA than “or the ZCQAEA. Since
SETOT netric-cuoerionced  team warn aosigned to FSTMA,  these more
L st salts were  expected. These aifferences raise some
about the nubjectivity of ti methodology, particularly in

: factor s FTEXIRILTYY and £FFICIELCY. The goals fzr these

LW

ana yst: completed (he curvey forno in o 3er o collect data
milticle results © ana.vsis effor the discrepancies
specifications arc net weeningful s vezh. They do serve
aswever, tha  tebpachive natc e U goal  urvey

S precess. %00 s thawn =% s he made o

15 subjective elemernt witrn further roesearch o validate scores
crl-top_d, rlsible quilio, vse Sectlon 402000

3.35.3 Select amd Specify Quality Cibacii.
pec1ly \

This 3QM prooedure inveives selecvirn s v criteria to be  used
measuring the quality factore, The cur.ietila Enr oach applicable fa-
are selected and weighted to calzulate che degir

Gl TTALUeS.,

Since the piototype a1ids do nct accese data from exteirnal data bases,
the «criterion of effectiveness of <Zcmmunication for the  facter
EFFICIENCY was considered teo be inaprlicable anl wme werghred as cero,
Since neither decisicn aid communicates with any wxternal systems, the
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criterion of system compatibility was also weighted as zero.

The criterion of effectiveness processing was considered to have greater
impact on the factor EFFICIENCY than effectiveness storage, since
storage is off-line and does not appear to be a limitation. The
elimination of effectiveness-communication raised the weighting of each
of the two remaining criteria from 33% to 50%. Considering
effectiveness processing (EP) to be more important than the storage (ES)
criterion resulted in raising the weighting of EP to 80% of the total,
and the lowering of ES to 20%. These weightings, while reflecting our
best estimation of what was appropriate, illustrate the arbitrary nature
of the current criteria weighting methodology.

The impact of weighting the criterion system compatability as zero
{since there is no inter-system communication), altered the weighting of
the remaining criteria which determine the quality factor of
INTEROPERABILITY, increasing each from 20% to 25%. All other criteria
weights remain unaltered, since we had no justification for changing
these weights. Table 3.3-3 indicates the composition of each of the
quality factors by presenting their weighting formulas. 1In the table,
some criteria weights are shown as decimal values, and others as
fractional elements. Decimals were used whenever possible because thev
clearly represent the numerical values to be calculated. In some cases,
however, fractions do not translate to finite decimal values (e.g.,
1/3). For those cases, the fractions themselves are given in the table.
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Only one particular problem was noted during criteria specification.
The methods in the guidebook for selecting and weighting criteria are
arbitrary, and without detailed justification. The acquisition manager
has no way to link any assigned weightings to any real-world indicators
or values. Since the scores are so dependent on this arbitrary
assignment, there is no way for the manager to know that any calculated
result reflects a real-world meaning (such as errors per thousand lines
of code).

SAIC is recommending methods to help in the correlation of calculated
quality scores and the actual quality of each system. One method,
described in section 4.3.8, is to eliminate adjustment of criteria
weighting. Instead, procedures would be devised to allow corrective
efforts to focus on criteria of special concern. Section 2 also
contains information on this problem, presenting data concerning the
validity of the calculated decision aid quality scores.

v .
e
)
.

3.3.4 select and Specify Quality Metrics . ¥
N . "F':
Following the elimination of non-applicable quality factors and criteria :.-‘,:.»_‘.-,"':«
(and the reweighting of criteria), the non-applicable individual metric NoNGNG
elements were eliminated. The similarities between ESCMA and ECOAEA NDENEN

. . J X SN
meant that the same weighting formulas and metric element questions _c_—.j,{:-,j
could be applied to both aids. Table 3.3-4 shows the questions which AR
were eliminated from each worksheet using this process. o )
:"'\G\"'\:\‘
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'\-.\ "
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TABLE 3.3-4 )
. P e
: SQMD N/A QUESTIONS [
b LS NAY,
ey
\ A .3
N WORKSHEET 1 | WORKSHEET 2 | WORKSHEET 3 | WORKSHEET 4 }3-‘5‘-"
o, v
\ :_r(,:..
AM.1(1) AM.6(1" - (4) AT3(1) - (2) AM.2(2) o
AM.6(1) AM.7(1) - (3) AM.2(4) NN
AM.7(1) - (3) AU.1(2) SN
AT.3(2) AT.3(1) - (2) _—
< AT.3(2) CL.1(7) - (8) rrr
] CL.1(2) - (8) CL.2(1) CL.1(7) - (8) S
‘ AU.2(D) CL.1(11) CL.2(1) LA
CL.2(2) CP.1(11) Gl
CL.1(1) - (12) CL.2(4) CP.1(11) PR
CL.2(1) CL.2(6) ES.1(4)
4 CL.2(3) - (8) CS.1(2) - (4)
CL.3(1) CP.1(11) OP.1(10) CS.2(1) - (3)
CP.1(11) CS.2(4) EP.1(5) e i
CS.2(5) Ll
CS.2(4) - (5) ES.1(4) .9
- DL1(4) ES.1(7) A
' DI.1(2) DI.1(6) - (9) A
: DL1(4) OP.1(1) RUNS
: DL1(6) - (9) EP.1(5) OP.1(2)
' EP.2(3) AR,
EC.1(1) SD.2(1) e
MO.1(9) SD.2(2) AN
FO.1(1) - (4) MO.2(3) SD.2(4) gy
MO.2(5) SD.2(5) RO}
FS.2(2) SD.3(5) NE
FS.2(6) OP.1(4) AENDAR).
OP.2(6) SL.4(13) ,
ID.1(2) - (3) SL.4(14) NN
RE.1(1) RO
; MO.2(1) - (5) RE.1(3) - (4) VS.1(1) -(2) s
> l"-P -'\.(- K
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In a standard acquisition process, the elimination of metric questions
would mean that they were, of course, not scored. Because of the
research nature of this effort, however, all questions were evaluated
and scored. This resulted in two scores for quality assessment: one
reflecting only those elements that were not eliminated, and one
reflecting all question answers.

Because individual metric questions are not weighted, and are eliminated
only on the basis of criteria and factor elimination, we did not uncover
a problem with the arbitrary nature of scoring or removing questions.
We did have difficulty, hcowever, with the weight that each question
receives., Section 4.2.2 discusses this as an area for continued
research. An example of the problems in this area iz in the evaluation
of the aid ECCAFa durii the code phase. The factor VISIZILITY received
a sucre of .98 [or thau phase. That entire score was based on answering
one question, OP.1(10'. A1l othe questions were not applicable {there
are thrie opevabllity jiections 1m that phase).

ool orion, o Four v e chedetag s sl senpert S0 v tser when e L3
Lluen by 208N rsasans L. Tennare ooy scne aspects of the system. WO
i isted a5 o how fo ok £

5

out the factc:r: corterig.mesiic
nrovided e mosi cusc-effective means: of 1eaching his
Yy aGL 5. AT presenls a recormended sointion for this
no4.4.4.

1.4

p-

WY

WA v

"o ot .ooTmE vl iET sl i Lila Coogection #spect of agsessiny

R S Cect o L7 deme Tles mcoriv, and Section

- s Copsanlto L At L s, Ouly pfinolems encow.ared
CEo Db st Te b metv oo et ool vy ace described hee roall technical
ciooondems ancovered orncerning the Jensss o aids are discussed in Section
<l
The 50M metihcdology deprovs the general £low £ rrsaluating achleved

quality ievels as in Figure 3.4-10  1r states that development products
are used ag source cnaterial for ansvering guestions on the metric
worksneets. aAanswers cn the worksheet: e used *~ <+ 72ve metric elements
on zscoresheets, and scores are caiculated for che parent metrics,
criteria, and factors. Scoring results avs -ompared oo roquitements and
variations analyced. all results are documented 0 a Zoftware Quality
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Evaluation Report and submitted to the System Program Office.

The steps in the procedure for scoring quality aspects are to first
identify allocation relationships, and then to apply the worksheets.
SAIC’'s approach to this process was to follow the steps identified in
the SQM guidebooks as closely as possible, while keeping detailed
records on results, time spent, and material covered.

The allocation identification process described in the guidebooks did
not lend itself well to this application. Discussion of this process is
listed below in Section 3.4.1.

Worksheet application was not described in detail in the methodology.
SAIC performed this task by creating one team to score each dec sion
aid. The team scoring the ECOAEA aid primarily consisted of analys*s
who were inexperienced in metrics. The team scoring the ESCMA aid
primarily consisted of analysts experienced in metrics. The following
assumptions and techniques were used to score the worksheets:

e All metric elements on each worksheet were scored. in a
standard application of the methodology, only those metric
elements which are determined to be applicable during quality
goal specification would be scored. Because of the research
nature of this project, however, every question was to be
answered and associated data collected.

e Time spent for each metric element was tracked on the project
time log sheets shown earlier. Time spent, amount of
material covered, and the identification numbers of Technical
Problem Reports and Methodology Problem Reports created were
recorded.

e FEach analyst was assigned an arbitrary section of the
worksheet to complete for Worksheets 0, 1, 2, and 3A & 3B.
For wWorksheet 4A & 4B, questions were allocated based on
analyst experience. Some questions are difficult to answer
for non-programmers. Section 4.4.1 discusses this further.

e The metric element questions were completed in order as they
appeared on the worksheet.

e If the score on a metric element (for Worksheets 0, 1, and 2)
was neither "YES" nor "1", a Technical Problem Report was
completed. This report describes a metric violation. For
Worksheets 3B and 4B, no problem reports were to be completed
~— instead, we had planned to produce the reports based on
the scoring onto Worksheets 3A and 4A. Time did not permit
the creation of problem reports on those worksheets. Since,
however, most questions are covered in the early phases of
development, this did not create a problem for analysis.
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e If any questions or difficulties arose during metric element
evaluation, a Methodology Problem Report was to be completed.

These steps and assumptions were used to evaluate all the worksheets.
Since each decision aid consisted of a single Computer Software
Configuration Item (CSCI), the differentiation between the system-level
Worksheet 0 and the CSCI-level Worksheet 1 was not large. Because of
this, no new information would be gained by evaluating both Worksheets 0
and 1 for each aid. For research purposes, we decided to evaluate
Worksheet 0 at the system level for all of the decision aids developed.
We used the decision aid statement of work (SGW) and the planning
document [PAR-2] to make this evaluation. Worksheets 1 through 4A & 48
were evaluated for both aids. Table 3.4-1 lists the documents used for
the worksheets evaluated for each aid.

These documents were selected as the best fit available for the intent
of the evaluation process. This evaluation was done outside oi the
system development process ani after test proiect completior. irvs
means that all results were gathered after the full implementation of
the aids, and theretore could not infliuence the development process.

It was PAR’s intention to develop the decision aids much in accordanc
with MIL-STD-7935.1-5, Automated Data Systems Documentation Standards
[7935], but in fact the documents and life cycle do not entirely follow
this standard. This was due to the prototype nature of the decision aid
project.

Even though the project did not entirely correspond to the standards of
MIL-STD-7935.1-S, it is important to include the standard in order to
understand the developer’s intent. Documents required for MIL-STD-7935
development can be assigned to two basic categories: system dccuments
and collateral documents. System documents are those engineeiving
documents used to define, build, and maintain the system. Collateral
documents include those that manage and control the development process,
that provide standards, that describe how to use it, and report on
testing. The reason for this decomposition is to provide a simplified
frame~of-reference for comparison to another military standard,
DOD-STD-2167. Documents in each category for MIL-STD-7935.1-5 are
listed below:

COLLATERAL
@ User’s Manual ® Test Plan
e Computer Operation Manual e Test Analysis Report

e Program Maintenance Manual

SYSTEM
@ Functional Description ® Program Specification
® Data Requirements Document e Data Base Specification
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TABLE 3.4-1 DOCUMENTS EVALUATED

WORKSHEET

AID

DOCUMENT

2.3

2.3

SYSTEM

ECOAEA

ESCMA

HOOAEA

ESCMA

ECOAEA

ESCMA

INTERIM TECHNICAL REPORT.
SENIOR BATTLE STAFF
DECISION AIDS. TASK 1:
PLANNING (3-84) [PAR-2]

STATEMENT OF WORK FOR SENIOR
BATTLE STAFF DECISION AID (12/82) [PAR-3]

ENEMY COURSE OF ACTION EVALUATION AID
FUNCTIONAL DESCRIPTION AND DESIGN PLAN.
SENIOR BATTLE STAFF DECISION AIDS (7-84) [PAR-S]

ENEMY SORTIE CAPABILITY MEASUREMENT AID:
DESIGN PLAN AND FUNCTIONAL DES&RIPTION (8/85)
(PAR-4]

ENEMY COURSE OF ACTION EVALUATION AID FINAL
FUNCTIONAL DESCRIPTION AND DESIGN PLAN
(10/85) [PAR-6]

ENEMY SORTIE CAPABILITY MEASUREMENT AID:
DESIGN PLAN AND FUNCTIONAL DESCRIPTION
(8/85) {(PAR-4]

SOURCE CODE LISTINGS

SOQURCE CODE LISTINGS

VNN XN

LA
4‘?‘5' A
L
.I'.:'-'-.

£
[ 3%

2R
)

~'Il.;\ ,

5

W
S B

~

o

o
[}
|
5

x
r

2 s_t e "

PR A4

N :lr. ‘:l{‘l

P

[4

S
&I'l

Lt
» et
4 S
vt
Wt
. D
. A
et
o AR

7
e
I“f‘.f
[N

f.
G Py
("’l
"IN

NA

‘\I\ 59 h
R

'I
\f“l NS

"f’l'.-'
3

¥
A
P
u
40

t'y ‘f
Lok
n'.:'
L7,

<
¥
,'I

-’.n". .
o LS

Yoe.

5
b




2y s

=

% '

e System/Subsystem Specification

A draft copy of the DOD-STD-2167 standard, Defense System Software
Development, was the basis for the guidebook”s software quality
measurement technology. In order to make comparison to MIL-STD-7935.1-§
easier, the documents described in that standard have also been divided
into two types, system and collateral:

COLLATERAL
® Operational Concept Doc. e Computer System Operator’s
e Software Configuration Manual
Mangement Plan e Scftware User's Manual
e Software Quality e Computer System Diagnostic

Evaluation Plan Manual
e Software Development Plan Scftware Programmer’s Manual
® Software Test Software Test Repcrt
Description Firmware Support Manual
e Software Test Flan version Description
e Computer Resourcns Intejgrated  Document

Support Document e Software Tes: Procedure
SYSTEM
® System/Segment Spec. e Interface Design Document
e Interface Requirenents e Data Base Design Document
Specification e Software Detailed Pesign
o Software Requirements Document
Specification e Source Code (Software
e Software Top Level Design Product Specification)

Document

Comparison between the documents required for each standard yielded 23
correspondence as shown in Figure 3.4-2. Given this frameworhk, it was
necessary to analyze the existing and delivered system documentation
against both MIL-STD-7935.1-S and DOD-STD-2167. This was required to
understand the documents the guidebooks were designed to use, as well as
the documents actually to be used for evaluation. Tables 3.4-2 and
3.4-3 present the documents available for analysis for each decision
aid. Figure 3.4-3 is a synthesis of the preceding figures and tables
and represents the documents available and their relation to the
desirable set of specifications.

A later version of the functional description was used for scoring
Worksheets 2 through 4 for both decision aids. These specifications
became available after the scoring of Worksheet 1 was completed.

Analysis of the methodology problems uncovered during the scoring of
these worksheets is contained in the following sections.
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3.4.1 Identify Allocation Relationships

The ESCMA and ECOAEA decision aids are each relatively small systems,

o and were not decomposed into Computer Software Configuration Items

o (CSCIs) or Computer Software Components (CSCs) during the development

Y process. As discussed in paragraph 3.3.2, there were also discrepancies

- in the functions specified in the documentation of each system and as

o listed by the developers in the wuser survey questionnaire. These
discrepancies illustrate the subjectivity inherent in functional )

PN decomposition, and the variations that exist among the resulting NGNS

ot functional lists. For these reasons, SAIC did not allocate separate c::_'\_;

g, quality requirements among a list of system functions for either aid. v

O, Instead, both aids were given system-wide goals based on developer and ::'.t

i .

SAIC team responses to the user survey questionnaire.

?-

K Because of that selection, it was not necessary to identify the Saat
D relationship between the specified functions and the system ,‘;v\
:':l documentation as developed. We still examined the methodology, however, ) P
Ay in order to suggest improvements and assess its feasibility. -'2; &."
xS :\ ¢
A We believe that the identification process has difficulties. Because SO

- functional decomposition is subjective and arbitrary, the allocation of AR
<o requirements to CSCI’'s based on these functions is also arbitrary. The w
A assessment of the amount of a particular CSCI that reflects a particular K '\‘
X function is also difficult and subjective. For these reasons, we are -'_‘%.
g recommending that, in general, no functional decomposition and e

.
f"
l;
e

' allocation of requirements be contained in the current quidebooks. As
research proceeds and these types of relationships are verified, the

AL

I procedures should be placed back in the guidebooks with full o
I justification for their existence and with definite steps and guidance RN
-;: as to how to perform this task.
ot ~ L.
S Rt
o For systems that do merit functional decomposition (as described in

paragraph 4.3.5), we recommend that CSCIs be allocated to functions
(rather than the reverse). This means that rather than trying to

¥ >
-2 determine how much of a particular CSCI (e.g., 50%) relates to a s
7 particular function, one would determine whether or not a CSCI aids in }".'
o implementing a function at all. 1If it does, then the CSCI would be :.;)
o counted 100% in the score created for that function. As an example, Sy
. consider the example of calculating optimal values as a function. For "‘."‘
- this function, any CSCI that performed any part of the task would be o
o considered in the scoring. One would not take into account that only N
It 10% of a given CSCI actually contributed to that particular function. e
. w ‘.‘: ...
:', Section 4.3.5 contains other recommendations applicable to identifying DO
pis the allocation of functional requirements among the CSCIs. .-,'::
i 3.4.2 Application of Worksheets s
NS
:: A major aspect of the analysis of the SQM methodology is evaluating the RO
v metric element questions that comprise the worksheets. This analysis of RO
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0 the SQM methodology metric element questions has been done for all
worksheets.

2NN

» Several general statements can be made about the organization ¢ the '_:}.;
e worksheets. These statements are explained in detail below, along with :-r:*',".r
X recommendations for correcting deficiencies. '::\::'-,,.
l_ J

Each worksheet is ocrganized with "he cuesticrn: i ¢Llph ooy
' metric mnemonic, but the dats needed (2 answer the put - o oe ,-.\rs
- no relationship to this aiphabeticar osrder. A 2 Fe 5 e

question may ayroar more than nre on each wowsders :‘s.ﬁ-.'_';-,
: ~»f the questions i(diroussed oo ;o meron e i -:"_.r_‘_.-::
: or confusing. There 132 2130 4 - ; 1f: . R - }»";-\.:';-'.
) sgurces for question cnocwers angoa lach of s oAt o g nURS
, terms used. In some o3 ., e oand b deo T e e e sl s
¢ to be found on the same orkspees. &

o

n
2 5 o

The worksheets pecoo. anhis o s A . S

<L

A mE‘Ch?ﬂ"‘].SIT‘ for ootue s St tal ,_ Ce Tyl :-.'t:‘:::n
eranmpie, metric RTINS . LT ral ros rTanen LN,

. been 3eof . 1ed, Thow oocrean oL o SUTeg o i " , B . o

. arl referenced Lund tLors, ard SRR = Ot -

X notes, determitos of SWETR a vz Y W ke T

S Ao mechanism tor ceeoriding ch s : Somens -

: require fall rec-evalu=z-ion because ci oF :'

K", e
Ir - Jher fases, uestiong are not TLone ot . .‘!‘

X an unknoeo walde, Lhe ans. yst rass CLE o Jlestic: TRl ey ::‘:\J_-.
ircrease the welghtings of remainiig (1es 100y, enter arng’ = ‘::..-:

¢ to uenerates a ccore of vCern ar o one or erter YA when rhan 1y oot :{J_-."-.

- appropriate. Cavstoone Wi rednd e calet o oomor oalloe b the NN
lack Prnooxample o Tads oups L e lon e RR L0 ar e g T ;':;-\.':-:
This parItion o0 & 0. (he ngede; o L LAV T uter T v 0T g .

' OVELLAYS a0 Lo TunCusSsel w1 DR LGL LeVer DL un s Uk 3 . '

),/ can the ana.yst scors this question? (v wav 0e ©at no 2tlays oo ) ?.',

- be used {for an N/A score) or 1t may be thac they are to oo used bul o pt'f- :
undczumented (for a score of 0:. N

3.4.2.1 Metric Comment Categories

e
"y

d The worksheet evaluation task invelved answering 327 metric elements, \ >
: with 850 questions appearing on the 5 worksheets. Cf the metuiic '-::-:\Q‘;
_ elements, !53 (47%) received prcblem comments of one torm or anotber. .:f.:d'.\:
. Of the questions comprising these elements, 317 (237:' rec-ived problem :f.:f.:,

VLS

by comments.

: The types of problems encountered during worksheet evaluation can be i' 0\'
. grouped into nine categories, with many of the metii~ns commented upon "

N for more than one problem. These categories ave listed in earlier in ol
’ Table 3.4-4. The following paragrarhs describe <arh o~f the categories
and provide examples of each problem.
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TABLE 3.4-4 METRIC PROBLEM CATEGORIES

AR SAR CAAL SR
f\f\ﬂ\ ~$5*?)x$\{?.? f?:?;?fN”srxix‘k ,:x‘vﬁv

CATEGORY PROBLEM

1 Question is inappropriate for the worksheet level.

2 Question is confusing.

3 Question generated a miscellaneous comment (e.g. decompositio
needed, question dependent on previous worksheet).

4 Question is too subjective.

5 Question requires an "all or nothing" response.

6 " Question confains a typographical error, or some other
format problem.

7 Question is a duplicate of another question on same
worksheet.

8 Calculating the question's score involves dividing by
zero, or there is some other scoring difficulty.

9 Question should be in a block of questions that are
nested by topic.
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Category 1: The question is inappropriate for this worksheet 1level.
Some questions were found by the analysts to be inappropriate for the
phase or level under analysis. For example, one would not expect to see
data flow diagrams and discussion Jf control flow in aigh-level
requirements documents. The example question below, however,
specifically calls for this irnformation. The Data Item Des.riptions for
DOD-STD-2167 do not call for this informarion 3t tl requirements Lovel.
The System/Seament Specificat:on (DI-TWAN-B0008:, £-r exsiple, does nnt
contain a requivenstnt for this tvpe ~f -lata. - dnes reguirve, howsver,

that tunctiona. [lcw be shown, 7Tris :iiner | retalt o e
flow as oapposed to contro’  Flowe L SR o b e
requirements  do umeritooozon 3 GEtrne guestions . ONEY
reoommends remnoting fhen Drom [ shect oAn e
this tyre cf questi:. 1+--
Werksneet O, D o-eroorn Vo0 T Dows o the vemipementern. o
Aocumentation o a0 s Tt e B > Ay o
povtrayed wo'no T o g e[ TS vaang e T
Patasuiar . 40400 o migaee BT e roem o T
For et of thel  crastioos e o Lt re cmegtio
eliminated from the  Caopropriaie < vrerest
Category 2: The questic: is confusins. s ahean 1ivli i
mors metric element cviostooes Fhar ane ot o v, e :
) 8. “om: quecticns cont-ined termg thar eifner coart

detined (3 fage 3l-ssary, or not defined ar Aall. Other gquescions ool e

understond ters by oteom. but erauwylen wonld be necessarv te ewplain the
1 be hlamed eon the alogsaries, wiich

s cemfuss o oo

Wers  S5uarse Sy bt ioal £ st o rkzheet i
deting SaCr WSk et e g fane '
Oons  case teo i S Rermy ower o veen sn e Ml
the =ampe o Tinaitg Arc exarirle o thes nype

:

terms as "sneciiic data storage and retrieval

Worksheet 3B, Question AP.2{(?). Is the log:ical precessing free
from specific data storage and retrizval references (e.q., data
symbolically defined and referenced)?

SAIC’'s recommended solution for this problem is found in paragrapghs
4.4.6, 4.4.7, 4.4.8, and 4.2.3. wWe recommend training he supplied a= an
aid to standard worksheet evaluation, and that a glossary, meiric
examples, and standard procedures be developed.

Category 3: The question generated a miscellaneous comment. This
category includes questions that could be decompnsed, that were
dependent on answers supplied in a previous worksheet, that should be
moved from a unit-level worksheet to a CSCIl-level worksheet, and that
contained content with which we disagreed. Compound ~questions ask one
question about several different things and bhecome difficult to answer
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when not all the answers are the same. Complex questions force you to
answer several questions before you have enough information with which
to answer the "real" question. An example of a compound question is:

Worksheet 1, Question TN.1(1). Are there requirements to
provide lesson plans and training materials for operators, end
users, and maintainers of the CSCI?

Some questions are asked for each unit, but we recommend that they only
be asked once for the complete CSCI. An example of this is question
AM.2(7) for Worksheet 3B. This question implies that each unit should
check for all data. We recommend moving the question to Worksheet 3a,
and changing it to read: "Is a check performed to determine that the
data used by all units is available before it is used in processing?"
The original Worksheet 3B question reads:

Worksheet 3B, Question AM.2(7). Is a check performed before
processing begins to determine that all data is available?

Since we required analysts to answer all questions (even if not
applicable to the decision aids), they noted several questions which
were dependent on questions answered in prior worksheets. The
consistency questions are an excellent example of this problem. Early
questions concern the existence of standards, while later worksheet
questions relate to complying with these standards. We believe it would
greatly help the worksheet tailoring process if lists of these related
questions were made available to ensure that they are consistently
tailored out. An example of this relationship is:

worksheet 1, Question CS.1(1). Have specific standards been
established for design representatiors (e.g., HIPO charts, program
design language, flow charts, data flow diagrams)?

Worksheet 2, Question CS.1(1). Are the design representations in
the formats of the established standard?

Some questions contained content with which we disagreed. An example of
this 1s question AU.1(2) on Worksheet 3A. This question requires
estimating source code lines at the design level. We believe this
question can give misleading results, as the estimation of lines of
source code is very subjective. The question reads:

Worksheet 3A, Question AU.1(2). How man estimated lines of
source code, excluding comments?

Category 4: The question is too subjective. These questions contain
qualitative adverbs like "minimally", ‘"typically", "completely",
"clearly", and "precisely". The answers to these gquestions depend
totally on the analyst’s subjectivity, and may not be an accurate
reflection of the software heing evaluated. The subijective quality of
these questions also limits the value of comparing scores for products
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that were measured by different analysts. An example of this type of
question is:

Worksheet 2, Question AU.1(l). Are all processes and functions
partitioned to be logically complete and self contained so as to
minimize interface complexity?

By supplying gquidance and procedures for these types of question, some
of the subjectivity can be removed. In addition, we recommend that
certain questions be answered by more experienced analysts -~ these
subjective questions fall into this category. These recommendations are
discussed in paragraphs 4.4.1, 4.4.6, 4.4.7, and 4.4.8. Such question:
as these are difficult to automate, unlike mcre countable elements like
lines of source code. It is not the gcal of this process, howeve:, to
eliminate experienced and ccmpetent experts from the evaluaticn proress.
Rather, the focus is toc automate questions that do not require a greet
deal of judgment, and supply analysts with the infcrmation nueded U
answer the remaining questions ir: an effective and efiicient marwer.

Category 5: The question requires an "all or nothing® responsc. §aus
category consists of questions that have the word "ali" 1inr them. Jhe
question is both difficult to answer and potentially mislieading. The us-
of "all" leaves the scope of the question up to the particular analys*
answering the question. For example, 1f the question concerns "ail

hardware errors”, can the analyst be satisfied with answering the
question regarding all the hardware errors mentioned 1i.. the
documentation, or must the analyst consider all the hardware errci: that

could possibly occur? The answers to these questions may not accuiately
reflect the true stete of the product/document, because the instance
where only 1 out of 1000 fails is scored the same way as the instance
where 999 out of 10006 fail. An example of this kind of question ls:

Worksheet 1, Cuestion CP.1lil). Are all inpucs, processing, and
outputs clearly «nd precisely defined?

In general, SAIC recommends that these questions be retained as written
for now. This is discussed in paragraph 4.4.10. Procedures can alsc
help solve this problem, as shown in paragraph 4.4.7. The data
collection workbook described in paragraph 4.4.1 could also be used as
a partial solution to this difficulty. The workbook could be used tc
record the analyst’'s assessment of the severity of an "all or nothing”
failure. The analyst would need to be fully qualified to make such
judgments (i.e., of a certain experience level}, and this 1is also
discussed in paragraph 4.4.1.

Category 6: The question contains a typographical ertor, or some other
format problem. Some questions contain typographical errors, or have a
problem with the format in which they are presented. While this
category does not cause major problems ir general, it is an area that
needs correction. As engineers at PAR Technolrgy nated, the software
quality measurement process should itself be of high gquality. These
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sorts of minor errnrs may cause the software community to perceive
{ software quality measurement in an unfavorable light. An example of
this sort of problem is:

Worksheet 3A, Question SI.6(1), Part d. How many unique operations?

The word "operations" should read "operators." This and similar
i, preblems are discussed with recommended solutions in paragraph 4.4.3.
. Category 7: The question is a duplicate of another question on the same
: worksheet. Some questicns appear on the worksheet, with applicability i
L. to different criteria, more than once. This is not an error and does -
[ not imply that thers is something wrong with the methodolegy, but it 1s R,
. an extremely inefficient data ~ollection technique. Examples of this o

are shown by:

jere requirements for a programming
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Paragraphs 4.4.7 contains SAIC’s proposed solution to this problem,
which is to provide guidance for the analyst as to how to score a
4 question in these situations.
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; Category 9: The question should be in a block that is nested by topic.
For these questions, an answer to an earlier question can eliminate the

Y
7

. need to answer subsequent questions. In the example below, a "no" or

\ "N/A" answer to question CL.1(2) means that the subsequent questions DN

~ should also receive a "no" or "N/A" response. There should be no need 1_§\

N to spend extra time re-evaluating the subsequent questions. K:(iﬁ
ENESES
. .".\‘

b’

Worksheet 1, Question CL.1{2). Is there a requirement for a .
protocol standard to control all network communications?

Question CL.1(3). Is the network processing control part of the
network protocol standard?

Question CL.1(4). Is user session control part of the network
protocol standarc?

Question CL.1(5). Is communicaticn routing part of the network i
protocol standard? o

Question CL.1(6). Is uniform message handling (e.q.
h synchronization, message decoding) part of the network protocol

standard?
. N
N ST

NN

N The use of a formal data collection workbook, described in paragraph :fﬁfn;
. 4.4.1, is SAIC's recommended solution to this type of problem. \-:a:
" ‘\“\"' ]
* LA

3.4.2.2 Distribution of Comments

.0

) A
- This section deals with the number of metric elements reported as naving ;}}ﬁ:}
X problems and the relationship to the number of elements comprising the s
[- criteria and factors. This information is calculated separately for NDND
D each worksheet, but not for each aid. For the purposes of evaluating DA :\:

e S

the methodology, the aid being analyzed when a metric problem was
encountered is not meaningful.

There are a total of 73 metrics that have their metric element questions

’ asked throughout the 5 worksheets. These metrics are composed of a total _\b_;l
q of 327 metric elements, with 850 questions asked in all 5 worksheets. VN
' Of these 850 questions, 317 (37%) were reported as having problems by S

SAIC analysts. Of the 327 metric elements, 153 (or 47%) were reported

v . Y

» as having one or more problems. RGNt
S YAY

A . . . : RIS

% These problems were grouped into the nine categories discussed above. e

. Figure 3.4-3a shows each of these nine categorvies. The figure also -:¢:a '

. reflects the relative number of metric elements reported for each of the N

)

.

;
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categories. As an example, 19% of the metric element comments fall
into the category of "All or Nothing” comments (see Category 5 above).
Not only were varying numbers of metric elements reported in each
category, but the categories themselves are of unequal criticality.

Some of the categories are in the nature of formatting problems. This
means that they concern typographical errors, duplication of questions,
questions which could be nested, and other minor problems. These
questions can be easily solved by reformatting the worksheets. This
includes Categories 6, 7, and 9 (errors, duplication, and nesting
level), and represents 17% of the problems uncovered.

Other questions are more of a procedural nature. Unscorable questions,
for example, can be handled by instituting procedures to guide analysts.
This includes Categories 4 and 8 (subjective and unscorable), and
represents 31% of the problems uncovered.

The final, and we believe most important grouping of categories, is more
of a content problem. These Categories are 1, 2, and 5 (inappropriate
level, confusing, and all or nothing). These problems reguire changes
in the questions themselves, and comprise 50% of the problems uncovered.
(The remaining 2% of the problems identified, in the miscellaneous
category, were not allocated to any of these three groupings.)

XA

The difficulty in correcting these groupings of categories will vary.
Formatting problems are relatively easy to correct, and will not likely
generate much controversy or discussion. Procedural problems are
somewhat easily corrected, and can probably be accomplished without a
great deal of discussion. The content problems, however, will be harder
to correct without a great deal of discussion and information
interchange among the Government agencies and contractors currently
active in the metric community. Future contracts and technical
interchange will help to solve this problem.

. o

ALY

SYROIMYNY

The metric elements combine to form a total of 29 criteria. Several of
the criteria were not reported for any problems on any worksheet. These
criteria are distributedness, effectiveness communication, effectiveness
storage, generality, system accessibility, system compatability,
tracebility, and visibility. The remaining 22 criteria were reported
for between 15% and 100% of their metric element questions. The criteria
accuracy, functional overlap, and virtuality had the highest percentage
of metric element questions reported with 100%. Figure 3.4-4 displays
this data for all criteria.

Vi taiats

-

Figure 3.4-5 illustrates the percentage of the comments on each
criterion, relative to the worksheet involved. For each criterion, the
figure shows the percentage of metric elements reported out of the total
present on each of the five worksheets.

v:J'JJ;'

The criteria are combined to form thirteen factors. Only the factor
INTEGRITY did not have any metric element questions reported. The

2
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highest percentage of metric elements reported was 80% for the factor
RELIABILITY. This was partly due to the high number of questions
reported for the criterion anomaly management. Figure 3.4-6 displays
this data for all of the factors.

3.5 Metric Scoring

Based on the results of the worksheet application for the decision aids
and phases, scores were calculated for each aid for the requirements,
preliminary design, detailed design, and coding phases. Scores were
cal:ulatad in two fashions: one method counted every question, every
metric element, every criteria, and every quality factor. The other
method counted elements as specified in the SQM methodolegy. Both of
these methods were used because of the research nature of this
evaluation project. All questions were counted in order to gather data
about every metric element, and the specified questions were counted in
~rder to follow the guidebook methodology as closely as possible.
Saction 2.7 contains the results of this scoring process. As was
«pected (because of the quality of the available documentation), scores
:id not achieve their desired levels. A discussion of this problem is
included in Section 2.

During the scoring process, only one new problem was identified. During
use of the scoresheet for the EFFICIENCY factor, an error in the format
was discovered. This is a presentation error only, and can easily be
corrected. The recommended correction appears in Section 4.4.4.
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4.0 RECOMMENDATIONS AND CONCLUSIONS

Based on problems encountered dur.nz scitware gualit, evaluation, SAIZ

has compiled a set of «concl-siivs  and  recommended wethodoloory
modifications. These conclusions ar ' modifications are discussed 1In
this section, which is organiced as I . .as:

e Section 4.1 contains cenclusicns drawn by S51C based on the
project work performed.

® Section 4.2 presents general recommendations Icr changes or
additions to the methodology which are applicable to the
entire acquisition process.

® Section 4.3 includes recommendations for modifications to the
methodology which are applicable to the specification of

software quality regui:._ments. These correspend to changes
recommended for specific paragraphs in Vvolume II of the
guidebooks.

e Section 4.4 discusses recommendations applicable to software
quality evaluation. These correspond to changes recomnended
for specific paragraphs in volume III1 cf the gquidebooks.

4.1 Conclusions

SAIC believes the SQM methodolegy recommended in the guidebocks
and that it can be very useful to the acquisition manager. I
of presentation in both volumes of the cuidebooks can be impre
specific recommendations for improvements are listed below.

~ e

The resulting estimate of system quality determined using the 37
methodology corresponds to that subjectively and intuitively deteimire’
by the analysts assessing hoth aids. Analysts elt that ‘rhe
documentation and structuring of the code were suth that the -
numerical scores received were justified. However, these sc :os do »o*
mean that both decision aids are "bad." The aids were intended tc be
prototype, procof-of-concept developments. They were never meant to be
used in the field, nor to access actual intelligence data bhases. The
aids were intended only to show the usefulness and meaningfulness of the
concepts in battle staff management. For this reason, it is n.t likoly
that the added expense of software with high-quality development was
needed or appropriate.

The reaction of the software developers at Par Technoloay is nin:
indicative of barriers to be crossed before the 3QM methodelogy can he
accepted across the DoD and industry. When presented with many of ‘the
metric violations, the developers often seemed t~ fesr! that there was 0
need for the system to meet such a standard berouse "-f rourge it weould
be included." For example, commenting need not he romiired because any
good developer heavily commerts code. When measured, however, we cften
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found that they did not in fact follow this basic standard. Another
example is in the length of modules -- some were over 1000 lines long
and only lightly commented. We believe that pressures and schedules
forced short-cuts that were unnoticed because only implicit standards
existed. Wwhen the development and acquisition communities accept
explicit standards and assessment, this problem will be greatly reduced.

4.2 General Recommendations

This paragraph contains recommendations that are general in nature, and
apply to the methodology spanning the entire acquisition process. They
do not reflect any particular paragraph or area in the SQM guidebooks.

4.2.1 Guidebook Reorganization

The SQM ~uidebocks are written in a style that mixes theory with the
methodological steps to be performed. There is some separation in the
organization of hoth quidebooks, with Section 4.0 of each basically
containing the procedures to be followed frr quality specification and
evaluation. However, it would be better to further separate these
elements. Section 4.0 of both volumes should be directly concerned with
procedures to be executed, and contain clearly labelled examples of each
of the steps. The theory and justification for the steps, along with
explanations of the measurement technology, should all be contained in
the earlier sections of each volume. We recommend retaining the
"stand-alnne" nature of each volume, with both volumes containing theory
and explanation as needed.

4.2.2 Continued Research

We also recommend *hat experimental work ke continued to prcvide a
"real-wot1d" basis for the contentions of the measurement methodclegy.
The techniques and procedures described will e much more acceptable ta
acquisition managers and developers when «oxperimentally wverified as
being cost-effective and beneficial to niv-jects.

It is very important that work he ooatinued to establish the
relationship between the SQM methodology measurements of quality and the
perceived, real-world qguality of systems. Wwe need to validate -hat
scores mean and how important relative differences are. We need to
provide a method for the acquisition manager to understand what he is
receiving when a score for quality ic measured at .78, for example, as
opposed to .95. This double focus on specifying what the managet
requires, and providing information as to what that means in real world
terms, is important. No project exists in isolation, and methods fotu
providing measurements and infermation across preijects is important.

Until we have full data for determining what scores and results mean in
absolute terms, we are concerned the the 5SQM forbnaloey will appea:
arbitrary. Metric question weights and contributyron too t~tal scores ig
one area that reflects this concern. For example, conside:r the
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computation of the criterion anomaly management, uzed to determine
factor RELIABILITY. At the preliminary desian phase [Wworksheat 2), ¢

he
Communication Errors metric consishts of four wmetri: slements (AM.6(1°
through AM.6(4)). At beth the syster » 7 software reguirements analysis
level and at the CSCI requirement .- - v workshest 0 and Worksheet 1,
the cnly metric element that comp: Sy Zormunicatoon Zriors metric
is AM.E(1l}. This means that at the t..: lewnl -f 2o ring *he value of
AM.5(1Y 1s automatically weighted at preiminary design as ‘4 of that
of the requirements analysis phe mersly  because  thare are 3

additional metric elements for the preliminary esign phase.

Ancther area cof research the quest:ons  that ave
app.icable tc zuch ar-as =23 cision ard 2’ knowledae-based systems, as
well as such preoject~ as date base mancieme’  systoms. These mcre
specialized systems rave structures that ars not easily measured under

the more Fortran-corizntedl exisiiny metric element guestions. Examples
of these system= are t7ce o itaining data base maragement languages,
rule-based sysrems, syst-mg using non-von Neumann architectures, highly
distributed systems, and systems written us.ng non-procecdural languages.

Some cf the metric factors, such as INTEGRITY, do ncot have guesticns
across all phases. These voids :indicate that we need tn lock at
specific areas in order to generate more metric elements and metric
element questions. Each factor should be traceable through each phase
of the development process, and should have representing questions on
each level of worksheet. Further studies, particularly of the newe:
systems described above, will help fill this gap.

Automation of metric evaluation is impeortant, and is an area already
undergoing research and develepment. In addition to analyzing the types
of questions that may be counted and evaluated automatically, we believe
consideration should be given to the questions that provide the most
information (see Section 4.3.4) and the skill level of those analysts
who can answer the questions (see Section 4.4.1). In addition, we
recommend that efforts concentrate on the questions contained in
Worksheets 3B and 4B. This is because of the application of these
worksheets. Questions or earlier worksheets are completed once for the
system, or once for each CSCI. Even in large systems, the number cf
C5CIs is generally small, and question evaluation relatively rapid. For
even smaller projects, however, the unit-level questions of 3B and 4B
are repeated a great many times. Each of these questions must be
answered for every single unit in the system, and this can become an
extremely time-consuming tasks. Any autcmation efforts on  thoze
worksheets will provide a high level of return in reducticn »~f human
labor requirements.

A great deal of work has been completed lately concerning the gquidebcok
methodology and other metric efforts. This work should bhe integrated
into a revised and enhanced approach and guidebnnk.
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4.2.3 Training

SAIC recommends that seminars be developed and offered to acquisition
managers to train them in the use of the software quality measurement
methodology. A one or two-day seminar would allow the acquisition
manager to receive materials on the methodology, to be able to discuss
its use, to ask guestions directly of experts, and to engage in
round-table discussions about the methodology and its worth and
usefulness. Such seminars or classes make a great difference in
understanding a system and its use. It is easier to understand even
technical and detailed instructions once a thorough background has been
acquired. This will also help motivate the acquisition manager to use
the methodelogy and continue his education about its features.

The specifying of software quality goals would be aided by automating
the goal specification process in the form of an expert or
knowledge-based system. This automation would help the acquisition
manager effectively ard quickly specify qua’ity goals. A class and
dermonstration for this system would be effective 1irn increasing
acceptance of the metric measurement process.

In addition, we alsc recommend training classes and /or materials be
created for those who will he collecting data and evaluating the
worksheets. This training would greatly aid in reducing subjectivity,
and in allowing evaluators to share their knowledge and experiences.
The automation of metrics, using such tools as the Automated Measurement
System, will also ke enhanced by providing training. The training could
increase SQM technology effectiveness, and thereby increase 1its
acceptance by the software community in general.

4.2.4 Framework Modifications

SAIC recommends that the basic metric framework be retained, but does
have some specific tecommendations to improve it. The recommended
changes are minor, put we do not advocate more substantial changes until
more data has been gathered validating <l framework. This data will be
used to suppert the relaticnships curren.ly existing (metric to criteria
to factor), and will aid in estaklishing new relationships.

One recommended area concerns the quality factors EFFICIENCY and
INTEROPERABILITY. As currently implemented, both of thece factors
basically measure how well the system meets its own requirements f(e.q.,
is as efficient as it was required to be, or operates with cther system

as required). Neither factor provides informaticn in absolute terms.
INTEROPERABILITY, in particular, dees not assess the future ease of
connecting to other systems, . measures only if the system can be
connected to those specified in ¢ n requirement documentation. SAIC
recommends that more research k= usnducted concernira these two factors
in particular. It may be that bath should be 'emeeed from the factor

level of the framework, and placed under the factor CORRECTNESS as
criteria.
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In addition, two of the quality factors have few metric element
questions to calculate their values. Both INTEGRITY and USABILITY need
to be evaluated for further criterie aidd metric questicn creation.

4.3 Quality Goal Specification Roo -~ dations

Recomuendations and conclusions contained in this sectien are appli
to Volume II of the SQM guidebock=. the Software Quality Specif
Guidebook [BOE-21.

4.3.1 New Factor Relationships
See: Guidebook Volume 77, Para. 4.1.3.2, "Zuantifizaticn of Relaticon-
ships"

One of the early tasks to be performed by the acguiisition manacger is the
specification of goal scores for the quality factors. Part of this
process is the considerz.ion of the relaticnship among juality facters.
This relatiorship can be of a positive nature, or it can be negative.

The software quality measurement (SQM) methodology states that <he
factor EFFICIENCY is interrelated with all other factors (except
CORRECTNESS) in a particularly negative way. This means that the more
efficient a system is, the less high its guality can be when measured
for other factors. Volume II of the guidebook presents information in
Table 4.1.3-3 that shows these negative interrelationships. EFFICIENCY
has varying negative impacts on every other quality factor, except for
the factor CORRECTNESS. These contentions seem to be intuitively valid.

The measurement technology (i.e., worksheet evaluation), however, dres
not support this in any way. The only criteria applicable to the factor
efficiency are effectiveness-communication, effectiveness-processing,
and effectiveness-storage. These relate to no other quality factor.
The metric elements related to these criteria are not used for any other
criteria.

The nature of these metric element questions, summarized for reference
in Table 4.3-1, does not bear out the contention of negative impact. The
complete satisfaction of each question (i.e., a score of "1" or "yes"
for all elements) would not cause a negative impact on any othe: factor.

A high quality score on EFFICIENCY and simultaneously on othe: rpality
factors is perfectly possible given the present framework. we believe,
however, that EFFICIENCY does have a negative relationship tec other
factors. This negative relationship should be reflected in the SQM
framework. (Positive relationships are discussed at the end of this
section.)

Any negative relationships among the factors should be supported by the
sharing of common metric elements. If EFFICIENCY has a negative impact
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WORKSHEET/MNEMONIC

0

(8

EC.1(1)
EP.1(1)
EP.1(3)
EP.1(5)
EP.2(1)
EP.2(2)
EP.2(3)
ES.1(1)
ES.1(2)
ES.1(5)
ES.i(7)
ES.1(8)

EC.I()
EP.I(I)
LP.1(3)
EP.1{5)
EP.2(1)
EP.2(2)
EP.2(3)
ES.I(1}
ES.1(2)
ES.1(5)
ES.1(7)
ES. 1(¥)

EP.1(5)
EP.2(2)
EP.2(3)
EP.2(6)
ES.1(2)
ES.I(8§)
ES.1(8)

EP.1(2)
EP.1(4)
EP.1(6)
EP.2(4)
EP.2(5)
EP.2(7)
ES.1(6)

EP.1(2)
EP.1(3)
EP.1(4)
EP.1(6)
EP.2(4)
EP.2(5)
EP.2(7)
ES.1(6)

TABLE 4.3-1 SUMMARY OF EFFICIENCY METRIC ELEMENTS

UESTION

Performance requirements for communication
Performance requirements for processing
Optimizing comipler or assembly lang.
Overlays required

Data storage and processing

Efficient processing required

Source code supporting variable initialization
Data storage requirements

Virtual Storage

Dynamic memory management

Optimizing compiler

Avoid redundant storage

Performance requirements for communication
Performance requirements for processing
Optimizing compiler or assembly lang.
Overlays required

Data storage and processing

Efficient processing required

Source code supporting variable initialization
Data storage requirements

Virtual Storage

Dynamic memory management

Optimizing compiler

Avoid redundant storage

Overlays used

Storage organized for efficient processing
Source code allow variable initialization
Efficient processing of related similar items
Virtual storage

Dynamic memory manugement

Free from redindant storage

Loops with non-loop dependent statements
Compound expressions recalculated needlessly

Bit/Byte packing/unpacking needlessly in loops
Anthmetic expressions with different size items

Mixed data types in arithmetic expressions
Data item modified
Data packing operations

Loops with non-loop dependent statements
Uni* optimized for processing efficiency
Conipound expressions recalculated needlessly

Bit/Byte packing/unpacking needlessly in loops
Arithmetic expressions with different size items

Mixed data types in arithmetic expressions
Data items modified
Data packing operations
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on RELIABILITY, then common elements should ensure that a higher score

v, in one means a lower scare in the ohher. Otherwise, the factors are

W independently measured and nc rolztionship attributes need to be

: considered.

N This will likely mean :tha* guestic.s ~lements must ke concidered in
L~ pairs. As an example, ccrsider this ool an £rom Worbksheet 48: MO.1/8)

. "Is temporary storagde (i.e., worlsgacte reserved for inte-ssdiate or

2 partial results) used only by thic unit during execution (i.e., is not o
. stor:d with other umits)?" For the criterion modularity, this question -
o would contribute in a positive fashior. A "yes" answer would receive R
i score of 1. In contrast, it is a more efficient use of memory space ‘o }
1 share storage. This azans that a ‘no" answer caould receive 3 scere of ;{

1 relat*ng te the criter _on effect ‘ehf¢f~::0‘a . To accomplish this,

it is possible that the questicn could be paired, as shown below.

" MO.1(8) Is temporary stuiage (l.e., workspace reserved for
: intermediate or part:al results) used only by this unit during
execution (i.e., 1s not stored with other units)?

‘.‘

ES.x{(n) Does this unit share temporary storage (i.e. workspace

f
’5 reserved for intermediate or partial results) with other units
[ during execution?
3
v This "paired" approach fits in effectively with the workbook methodology
we recommend below (paragraph 4.4.1) for data collection. The data
- would be collected once using the workbook, and then used to answer each e
g of the two separate guestions. This means that no additional work would SRS
3 be required to gather the paired data items. 'J}ftS
X e
) Existing questions can be used to build this interconnection amnong ‘}:}:ﬂ
N

e

' related factors. Table 4.3-2 is a partial list of these existing N
elements, along with the newly-developed "pair" element. These elements
are too few to fully justify the relationships we believe exist. This

v

‘e

I . s
~ means that more questions are needed for each factor so that calculated - ,:,'
N values will correspond to real-world observations. :'-ﬁﬁ:
\ \:Q\'.I\'I

. . . . . . . LA,
" One advantage of this paired relationship is in its effect on the e

tendency of metric methodology users to try to force every score to a
value of "1" or "yes." Some users have believed that the purpcse of the
technology is to create a resulting system that has every metric element
question answerable with a "yes" or a full score cof "1." The technology
actually goes beyond that, and is an attempt to reflect system quality
in a cost-effective manner. This means that some "lacks"” in a system
should not be corrected, because the cost would nrot justify the A
benefits. Paired metric questions would not allow all scores to teach
\ "1", and would better reflect the situations existirg in industry today.

AL
e

" 3

T

v

.

Also to be considered in this regard are the -~~mplementary factor
relationships described by the quidebooks. Foun quality  factors
(RELIABILITY, CORRECTNESS, MAINTAINABILITY, and JERIFIABILITY) are
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3 TABLE 4.3-2 "EFFICIENCY" SAMPLE PROPOSED QUESTIONS

‘.I.‘.. A 3
L'y

N
"’

o

by

AN

vl
®

b’.
‘5
hY

WORKSHEET/MNEMONIC QUESTION

AM.1(2) a. How many error conditions are required to be

! recognized (identified)?

' b. How many recognized error conditions require
b recovery or repair?

c. Calculate b/a and enter score.

EP.x(n) a. How many error conditions are required to be
! recognized (identified)?
b. How many recognized error conditions require
recovery or repair?
¢. Calculate 1-b/a and enter score.

e

o
»
j AM.1(4) a. How many instances of the same process (or
Ry tunction, subfunction) being required to
b execute more than once for comparison
purposes? A
! b. ,
\ C ﬁ"v__.
) '-_‘.\_..:'
A EP.x(n) a. How many instances of the same process (or C:::::‘:
. function, subfunction) being required to NN
: execute more than once for comparison ol
1 purposes? DRI
b. Calculate 1/(a+1) and enter score. F_.-?.—.
e e
> Mgy
L~ !
L N
; AM.3(2) Are there requirements fo range test all critical SRR
(e.g.. supporting a mission-critical function) )
N loop and multiple transfer index pararneters RN
. before use? .::.‘\:._ 4
. BN
. EP.x(n) Is the CSCI free from requirements to range test o
3 all loop and multiple transfer index parameters RVEROY
before use? - ®
. N
L, ":"‘:"": 3
! '\-P_'f‘ 4
i ;‘."’x‘:'x X
_ ®
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WORKSHFEET/MNEMONIC

QUEST! .~

™ o

) AM.3(3) Are there 1equirements to range test all enticul
';j (e.g.. supporting a mission-critica! function
< subscript values before use?

Is the CSCl free of requirements to range tesi
all cniucal (e.g.. supporting a mission-critical

TABLE 4.3-2 "EFFICIENCY" SAMPLE PROPOSED QUESTIONS (Con'd)

o func.ion) subscript values before use?
ol
'?

o,

; AM.7(2) Are there requirements to periodically check all
- adjacent nodes or interoperating systems for
. operational status?

EP.x(n) Is the CSCI free from requirements to
periodically check all adjacent nodes or
interoperating systems for operational status’

A

”

o AP.4(D) Is there a requirement to avoid or to limit the
use of microcode instruction statements?

. : EP.x(n) Is the CSCI free from a requirement to avoid or

__. limit the use of microcode instruction

Do statements?

.,
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described as being complementary to all other factors. Low scores on
any of these factors mean that other quality factors, even if high
scores are achieved, have to be of lower guality. SAIC agrees with
recommendations by other contractors that this complementary
relationship should not be included in the quality factor framework.

Factor quality scores should indicate quality, regardless of the scores
achieved for other factors. This does not mean that the factors have no
overlap, hut all measurres necessary for a factor should be evaluated
with that factor. Measures should nct depend on other scores fe.g.,
INTEGRITY 15 not high unless the four factors listed above are also
high). We recommend that the applicable criteria of the four factors
rhat are considrred to be complementary be included in each quality
factor in the framework, so that each may stand alecne. This common set
of data will likely ensure that the score for a facr-r sucn as INTEGRITY
cannot be high i scores for the four roinplementary factors are low.
esearch ef nrrs will need tn identify what these applicable criteria
e,

4.3.2 Qual:ity Factor Definition

Seo: Guldebook Velume 1D, Paragraphs 3.1.1 v 4.1.2.3, "Factor Defi-
nitions and Rating Form:las”™, and "Qual:ty Rejguirements Survey"

he O ov debnok defines scfrtware qua.ity fa~tors in two tables (Volume
I1, 7dabies 3.1-1 and 4.1.2-4;. Volume III, in Tables 3.1-1 and 2.1-2,
onetans he same information. These definitions, shown here in Table

’
coh ¢ for referencs, are ery mislealding. There is abs-lutely no
~orence toodate that the -aleulated soores £o0 EFFICIENCY, for example,
ate te the formula given 1n the pevrhodniogy. This formula ithe

cig Lement of the ratio of actual to alleooated

wsadge may indeed be a

critopmear rement of efriciency, bur in no was relates to the numbers
cascniated Top the factor FERICIENGY.  The ymid -arian in these tables
15 that spe~ifyint a gcal of O for EFFTITIFNCY, 0t receiving a score of
T asing  the wostzheets, means that e e Y peasured  rescurce
u-stlization 15 09 ftuar of the ailocatod Aope. o Thet conclusion han not
been verific? by d2ra, TEone et Y e toary weighting of
criteria, as well as the tar' '~ o4 smeloct:s o af setiic elements, the

relaticnship is even more daff - olt o orove,

The use of these definitions iy thase rew o zcfrware peasurement
technology <an cause difficulty. GSAIZ, as n example, as he=n involved
in the development cof the Joint Foiward Alr Defense Test Bed (JFAAD) for
the Air Force. Using the SQM quildebncks, the TFAAD project office
requested that the system be built such as %~ achinve a final quality
rating of .996 for RELIABILITY. ey calonlated Yhis rating, using
guidebook Table 3.1-1, by decid:i: : <t 4 errcrs in earch 1000 lines ~f
code was an acceptable number. Iheey expected thar the RELIABILITY
scores achieved at each phase would reflect that ruamber, and result in a
fielded system that had 4 or less eirrors for cash 1000 1ines of code,
At this peint in time, there is no ‘lata to suppmit that relationship.
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Table 4.3-3 Quality Factor Ratings

—
r Quaiity tactor Rating formuia Ratirg ntnrmaton
£Hicency 1. Actaf Jtilization value 01 N2 05
Allocated util-zaton T ytilization 90°% 70%0 S5Q°%
- T
integrity 1. ___Errors Valye 29995 0 9997 09339
’ Liresof iode Errorsl.0C 510,000 | 3/10.000 | 1/10 000 |
Reliability . Erears vaiue 0 99¢ 0997 7999
Lnesnfcoce £rrors/LOC $/1 000 347 000 1/1 300
re, A Al Qgg7? Q99
Survivabihity .. Eeror Value 0 993 0939 0 9999
Lresct code Errorst QC 5110000 1 310000 | 110000
~davs /3! 5 b !
Usability y. Lapbor-days 1o use Vaiue Q¢ 0 03 ]
L.3apor-years 1c ceveloo Davsiveers <0 6,20 DOD
- J 7 0 29
Correciness 1. Error., Value 9 9995 Q 999 0 9993
Lines of code Errorsit OC 50000 1 310,000 | 100 300
Maintainability - Q.1 (average laoor- tge ~ 8 N9 025
days to fix Averaqe 'acor-cays 20 10 05
B 3 (4
verifiabiity 1. gffort to verify Vaiue 04 0° 06
gffart to develop 2% etfart 60% 50°% 2G%
Expandabiiity 1. Effort to expand Value 08 09 09s
Effortto develoo % effore 20% 10% 5%
Flexibiity - 00S{averagelabor- Yalue 08 _09 095
days to change) Average fabor-days 20 20 10
N Value
Interoperability . Effortto counie o 09 095 099
Effort to develop %6 etfart 10 5 1
Effort to transport Value 09 095 099
Portabiinty - o off
Effort to develop % etfort 10 ] 1
Effort to convert Value 04 06 08
Reusability - %% of!
Effort to develop % ettort 60 20 20
-11
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As research continues over time, formulas will be developed that show
what quality measurement values mean in terms of such things as resource
utilization, errors per line of code, effort to fix, and effort to
convert. At the present time, however, it is very misleading to imply
that we know what quality scores mean in terms of absolute numbers.
Currently, they are relative indicators only. We recommend, therefore,
that any reference toc these rating formulas be removed from <=he
guidebocoks.

In replacement for these formulas, we recommend using more concrete
examples and descriptions of the factors. These descriptions can be
dia.n from the criteria and metric levels cf the measurement framework.
As an example, consider the quality factor MAINTAINABILITY. I1f the
ac'miisition manager is specifying that he wishes a system to he
maintainable, and if he is to later accept measurement of the level of
azrnievement of that factor, then he should have some idea of what is
considered to make up a maintainable system. This can be described in
terms of what 15 going to be used to assess how mich "maintainability™
1« present.

e products of the development preocess that are assessed are hoth
dncuments  and  software  code  itself. It the system 1s to be
raintainable, it means then cthat the docyments and the source code
stweld have characteristics that promote maintainabililty. Using the
‘haranteristics that are evaluated has the added advantage of giving the
a~quisitirn manager more insicght into what i¢ being measured. Table
“.3-4 is an example of how this might be accomplished.

rocuments  should be acressible, well-structured, clearly and simply
wiicten, depict control and data flow, be indexed, be <eparated by
svstem functions, and list all operaticnal capabilities. Standards
stiovld require such things as commenting 3!-%al data and 2ommenting
variables. Code should he structured, inden =od, of reascnable sirze,

2t The framework indicates that items havirt *hese characteristics
are 2asier to mwaintain. A table th-t shows the product and the
attributes that make it 2f higher - -ality -would he useful, A
non-software oriented person should b b to use these tables to

3

be

understand what is being assess2d and what the qra'ity factors indi-~ate,
because the technical content need not be high The data would provide
a ponsitive loock at what is meagsured, ani what e assessment mumders
mearn.

4.3.3 Factor/Criteria Interrelationships

See: Guidebhook Volume II, Paragranh 4.1.32.1, "Sharved Triteria"

The acquisition manager correlat . - .tem qualit, faTors with snfvwire
quality factors, and additicne.., -orielates *“h» <oftware quality

factors with the criteria which constitute  ‘hem, The present

methodology does not provide adermate definiri o f vhese software

gquality factors in terms of the criteria. The aoguisition manager who
4-12
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TABLE 4.3-4 SAMPLE "MAINTAINABILITY" DESCRIPTION

PRODUCT

All Documentation

Software Standards and
Procedures Manual

Software Requirements
Specification

Software Top Level
Design Document

Software Detailed
Design Document

Source Code

CHARACTERISTICS ENHANCING MAINTAINABILITY

Accessible

Wel structured

Clearly and simpi: written
Indexing scheme used

Require voie o hiave:
commented global data
comment variables

Design standards for unit prologues, comments.
and unit structures

Depict control and data flow
List all software operational capabilities

Standardized design representation

Calling sequence protocol established
External I/O protocol and format established
Error handling required

Functions always referenced by same name
Data representation standardized

Data naming consistent

Global data defined

Consistent calling sequence parameters

Use structured design techniques

Comply with standards

Follow standards

Units each have single name

Unit size small

Contro! variable passing minimized
Local storage

Single objective in each unit

Single entrance and exit in each unit
Branching levels low

Control flow is top to bottom

Few negative or compound Boolean expressions
Few loops with unnatural exits

No self-modifying units

Comply with standards

Unique data names

Commented

Written in a high order languare
Data names descriptive

Indented and blocked logically
Single exit and entrance in each unit
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attempts to thoroughly understand the impact of his direction at the
factor level upon the criteria at the design level must understand
definitions that are likely to be too technical.

Ideally, goal specification could be conducted using an automated
decision aid which employs optimization techniques. Short of this
enhancement to the present methodology, providing a graphic
representation of the interrelationships would enable goal specification
to be more effective. The interrelationships included would be those
between each quality factor {and component criteria) and the other
influencing quality factors and criteria.

Figure 4.3-1 combines the information contained in several SQM guidebook
figures and tables, and represents the quality factor FLEXIBILITY, as an
example. One such figqure for each quality factor would provide an
improvement over the complex methodology ~urrently used. The figure is
broken intr four radrants: the two left quadrants are associated with
factors, the two rignt rquadrants are associated with criteria, the two
upper quadrants are associated with positive influence, and the two
lower with negative. Arrows intn the subiect quality factor and its
criteria indirate influences upon them; arrows out indicate the subject
factor and its criteria’s influence upon other factors and criteria.
This figure is shown as an exampie, and it is possible to include other
pertinent information. As an example, costs associated with factors
eould be included in a graphic representaion.

Using this figure alone, 1t is easy to ccmprehend that the guality
fantor FLEXIBILITY is positively influenced hy the quality factors of
CORRECTNESS and  MAINTAINABILITY, and negatively influenced by
SUPVIVABILITY. Additionally, the figure indicates the criteria that
derermine FLEXIBILITY and those others wnich irfluence FLEXIBILITY. The
criteria of consistency and traceability ‘in the "positive criteria” or
upper right guadrant) have a positive influence on FLEXIBILITY, while
reccnfigurability {(in the "negat’—» criteria" ~r lower right quadrant),
has a negative 1nfluence. This figure demcnstrates nine types of
relationships:

e Positive factors influencing this factor

® Negative factors influencing this factor

® Positive criteria influencing this factor

Negative criteria influencing this factor

® Other factors which are peritively influencad by this factor
e Other factors which are r :atively influenced by this factor

® Other criteria which are positively influon 1 by rhis factor
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e Other criteria which are negatively influenced by this factor

e Criteria which make up this quality factor

Cost ranges could also be included in the figure to indicate the range
of cost for the subject quality factor for system acquisition phases,
and additionally indicate the cost impact for each phase for each
quality factor that influences the subject factor. This would enable
the individual tasked with goal specification to see not only the cost
impact of the emphasis of the subject quality factor, but also the cost
impact of each of the other factors influencing the subject factor
positively or negatively, for each acguisition phase. These ranges
cculd be presented graphically, for ease of use.

4.3.4 Minimm Effective Set of Measurements
See: Guidebook volume II, Paragraph 4.1.4, "Consider Costs"

Another method to aid the acquisitior. manager in the specification of
software q lity goals would be to aid him in determining the most
cost-effective minimum subset of factors, criteria, and metrics to be
used.

Figqure 4.3-2 displays a matrix of the guality criteria and the quality
facrtors to which they apply. There are 29 criteria used in determining
13 rnality factor scores. The distribution of the number of quality
factors per criteria is displayed in the figure. There are 353
intersections of factors and criteria represented, which we call "cells"
fo1 the purpose of this analysis. Those criteria which are employed in
thie determiration of 3 or more quality factors actually account for 49%
of the 53 cells in the matrix. Thus, temporarily ignoring the number of
questions per cell and the associated relative difficulty in providing
the answers, the questions relating to the <riteria of generality,
independence, modularity, seif-descriptiveness, and simplicity provide
almost one half of the quality factor irformation. These criteria are
only one sixth of those measured. “'milar analysis reveals that
modularity alone provides 1-% (3 rellis ¢f 52) of the information, and
meodularity, self-descriptiveness, and simplicity together provide 38%
(7?0 cells of 53) of the inftormation indicated hy "x's." These
relationships are indicated in Fiaure 1.3-3.

Each criteria 1is scored by averaging the wvalues assigned to its
applicabie metric element questions. The actual mumber of metric
element questions asked for each criteria is not significant. Berause
of the selection process, varying numbers of Tuesrions will be scored
across projects as the mechodolc s '3 used. For this reason, we are not
analyzing here the number of < 5.i:ng used te ~ompute each nf these
multi-factor criteria.

For reference, however, there Aave 15 «elf b - ptiveness metric
elements, 30 simplicity metric elements, > generalify metric elements,
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14 modularity metric elements, and 7 independence metric elements.
There are a total of 327 metric elements over the worksheet set. This
means that 5 of 29 criteria (17%) contain 71 of 327 metric elements
(21%), and make up 49% of the factor scores when criteria weighting is
not included. One implication of t'.::z is that these 49% of the metric
elements might be prime candidat for automating data evaluation.
While some metrics are relatively easy to automate, even the more
sophisticated metrics would provide a great deal of information if
selected from this set.

A potentially viable alternative to full-scale software quality
evaluation with seven worksheets would be to evaluate a reduced set of

quality criteria. Since five «criteria ‘generality, independence,
modularity, simplicity and self-descriptiveness) include almost half of
the total number of metric elements, they alone could be used. This

would provide no information for the factors CORRECTNESS, EFFICIENCY,
INTEGRITY, and USARILITY, but partial information would be provided for
all the other factors.

Another approach that could be suggested to acquisition managers is to
measure, in the early stages of development (perhaps up to and including
preliminary design), only those criteria whose quality factors have been

emphasized as requiring excellence. This could be wused to Adrive
detailed design, which would in turn drive coding, in the intended
direction. In this manner, the evaluation required is less exhaustive

and focused early to ensure that quality is high where it is most
reguired.

The third potential approach, used already in some projects, 1is te
select a subset of quality factors. These facters are measured fully
for each development phase.

4.3.5 Functional Allocation

See: Guidebook Volume II, Paragraphs 4.1.1 and 4.4.1, "Identify
Functions", and "Review Requirements Allocaticns and Evaluatiorn
Formulas"

The first step that the acquisition manager must complete is the
identification of the functions of his system. To perform this process,
he identifies each system function which is supported by software and
which will have separate quality requirements.

The SQM methcdology discusses the different quality goals possible among
different system functions, and includes a sample of the functicns
associated with an example command and control system. In addition to
these considerations, the acquisition manager must examine functions
unique to software (for example: man-machine interfaces, executives,
mission training, and integrated test functions).

It is up to the quality assessment evaluator to allocate these functions
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among the actual software Computer Software Confiquration Items (CSCIs)
that are developed. This process is described in paragraph 4.1 of
Volume III of the guidebooks. The acgquisition manager then assesses
this allocation as described in volume I1I, paragraph 4.4.1.

SAIC recommends that much more guidance be supplied to the manager
concerning both the derivation of functions for which quality goals are
set and for assessing the requirement allocations and evaluation
formulas.

One possible approach is to use a system-wide specification of quality
geals unless certain criteria are met that force specifying functional
goals. These criteria could include the following:

e Functional areas already have been identified. Many large
systems are functionally decomposed in the original
procurement documents (such as required operational concepts
or purchase des~riptions). Even if system development does
nnt necessarily follow these functional dividing lines when
CSC1s are created, they are a comuon point of reference that
weuld allow a meaningful evaluation.

® The system is so diversified that wide ranges of quality
gcauls are reasonable for various system functions. A large
system may have such disravate needs that system-wide goals
are not reascnable.

e Tz criticality (Ffor exanple, risk ‘o human life) 1is such
that some funciions must have high grals, but cost factors
dictate that non-critical functicors do not have the same
geals.

T rean i behind providin this <qui-ans  is  that an  arbitrary

IS
)
-

Tooorionat decowpoanition, oLlowsd byoa some s at arbitrary requirement
ailscation, only exacerbates the problems o0 cieterminina what quality
Jials and <¢oores zotually nean for real! ol ieferents.

Thee 33M guidebook should clearls state the!  -iting system-wide gcals i3
ceastiabre and acoeptabiie. Do o wheoe pavt cular geals are desired
S0 particular tonctions, 1t mav te eilectivc to isclate thcese functicns
e CSCIs and ser goals Glrectly polatzd to the 0SCT itself.

n addition, we recommend deo-emphasining
functional requirements among the varicus T3C1a °f the system. We
recormend using this system only when fur~tinns »ave heen derived as
dezcribed above, and thern in 5 <lightly different manner tharn 1is
described in the guidebooks.

*he —~1-r7ess of allocation

m ad

1

Rather than determining the percentage of each 777 rhat ~ontribmtes to

each function, we recommend list:ra (fov eah “om ot op 311 75CTs that
implement it. The scores cal-ulzted for oy 5001 would then he
4-20
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averaged to calculate the functicnal score, without taking into
consideration how much of the CSCI actually is performing a given

function. This will reduce some of the arbitrary nature of the
allocation process, in order to incr-ase the comparability of results
across pro;ects This will alsc F2li .a11ld information so that we may
define, in terms of actual systems ! ‘Ut and userd, what are calculated

quality numbers mean (e.g., errors per delivered lines of code, time to
upgrade, cime to transport).

4.3.6 Violation Procedures

A

See: Guidebook Volume II, Paragraph 4.5.3, "Review Metric Scores”

The goal specificatizn guidebork shouls Zintain infermation on how the
acquisition manager .s vt waiddle son-compliance with metric element
guestions, and with T:r.gevia i ta ber soores whrch fa2il below his
goals. Along with *hr speci?’ ation -f the quality :teself, =he manager
needs to outline what +iil ts done wher those spocotfilzaticns are not
met. To do this, he =~els ouidan:e from the method-~i:igy =it what
procedures aie best ~ may be, fci example, rhat a softwsre problem

report is toc be generated for every "0" or "ne" answer teo a metric
question on worksheets G, i, 2, 3A, and 4A. For some questirns on 2A
and 4A, it may be that a threshold fiqure shculd be specified against
which violations must be written up as problem reports. Some proiects
have demanded a problem teport fcr every viclation in an effort to try
to force the quality scores to a value <of 1. This is probably not
desirable, but guidance should be supplied. 1f the goal is to assess --
but not repair -- violations, this shou'd be specified by the
acquisition manager.

Independent verification and wvalidation contractors could be of
assistance to the acquisition manager in this regard. The experience
and knowledge of these analysts could be used to help determine what is
critical to the development and help to define procedures to ensure that
violations are handled properly. The acquisition manager could use this
information to establish the needed procedures.

4.3.7 Scaling of Scores
See: Guidebook Volume II, Paragraph 4.4.2, "Review Factor Scores™

The acquisition manager reviews quality scores at review points
throughout the development process. He examines the scores, using a
range of .9 to 1 as Excellent, of .8 to .89 as Good, and of .7 to .79 as
Average.

Lacking experimental evidence as to what the measured scores really
reflect (as yet they are only relative), we bhelieve that this
relationship and numerical range may be too limited. For some metric
questions (those that are measured, for example., as ! ), each change in
the value can produce a wide variation in result (for example, from 1 to

4-21
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.5 to .33). This variation reduces as the number grows large, but by OO0

then the score is well below even the .7 to .79 "average" range. We do ®

not yet really know if there is a meaningful difference between a score aeteeteds

of .8 and .9, nor do we know what the "unacceptable" cut—off level ",o::.l::.v:‘,r

should really be. ‘:'a':%‘:':f.

I Y gt

From analyzing the goals set by the decision aid developers themselves, "".:5:':“.:

we also believe there is a tendency to set quality goals higher than

they really need to be. The developers indicated several factors should Uty

have "excellent" values (which were not achieved), which we believe to ';hu' Y

be above those really needed for such a prototype system. w":'.' O

R

The result of this is that we believe that more information needs to be . .::_:n.:'.:u"

supplied to the acquisition manager to allow him to effectively evaluate s
the achieved scores, their ranges, and what those rarges actually mean.

||OQ0|
‘:"‘:".':‘:'(
4.3.8 Criteria Weighting . ':"ﬁ"‘:"::‘
KRN
See: Guidebook Volume II, Paragraph 4.2.2, "Assign Weighting Formulas” '0.'0::'.."
l'lo'l."l..'!

The process cf weighting criteria is described in the SQM gquidebook ~
during the quality goal specification process. Each criteria making up ' 5‘35' I
the selected quality facters is evaluated, and weightings assigned to ' \
each (determining its percentage cof the total factor score). .: h'
v O
This process is very arbitrary and subjective. An acquisition manager ;,“»' (
has no theoretical justification for weighting any criteria, because we )
do not yet have all the information needed. We cannot currently point NSNASARS:

to a real-world meaning for the calculated values we create, but we do
know that that is the direction we would like to move. We would like to
be able to say that a system with a MAINTAINABILITY score »f .98, for
example, is going to be relatively inexpensive to maintain (especially
~ompared tn a system with a score of .45). If acquisition managers
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arbitrarily assign weights to the criteria that make up maintainability, T

then we have no way to compare scores. }.‘_';-s.'_’,,\
AN

If these scores are not meant to be us. i for comparison purposes, then I
why make a calculation at al]“ It would be lnaical, in that case, to ';'\.f“f\’*: \
use the metric worksheets as checklists only. Creating a "score" would LS
not provide any further information for the developer or the acquisition —
manager. It would allow no relative assessment »f a systems quality. ‘3{: :i
R
until we have collected the data to validate the numbers we are ‘Q"" .;f'_\_
calculating (i.e., what does a .93 score for CORRETTNESS mean?}, SAIC it
recommends that the weighting prccess be dropped altogether.  Rather -}:-}}'_\S}
than assigning arbitrary weigh' -, we recommend rhat the acquisition 2
manager be instructed to cal- ‘2% facter scores by averaging the .::.,'-:‘,qt.r
applicable criteria scores. Th:. zvueroach is already used, though not P
commented wupon, in calculating the criteria and metric scores PO
themselves. We do not currently weight metyi <, motyi~ olements, ot .::-."_-’.';\
metric element questions when they are grouped and scored. As data :.-:':-,,(-;:
]
RN
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validates the software quality measurement methodology results, we
believe that we will be able to derive weightings that should be used at
all these levels, including criteria. These weightings will allow us to
make objective assessments of quality that apply in the same fashion to
most application systems.

In the place currently occupied by weighting criteria, we recommend
supplying procedures that substitute for the weighting concept. Any
non-applicable or non-desired criteria would be dropped from measurement
and their respective metric elements left unscored. An example of this
would be in eliminating a criterion like virtuality, used chiefly in
network applications.

For factor criteria that are of unequal importance to the acquisition
manager, procedures could be ! icluded to allow violations (i.e., low
criteria scores) to be handled in a different fashion for those
criteria. If effectiveness-processing (EP) is far more important to the
manager than is effectiveness-communication (EC), then the results of
scoring each of those criteria could be handled differently. A low
score achieved concerning communication would be specified as
acceptable, while a low score for the processing measure would require
corrective measures. In this way, the important criteria are still
regarded as vital, but do not contribute to making factor scores
incomparable across systems.

4.3.9 Survey Questionnaires

See: Guidebook Volume II, Paragraph 4.1.2.3, "Quality Requirements
Survey"

Quality survey questionnaires are sent out by the acquisition manager to
collect information for quality score specification. When responding,
each person surveyed lists the system functions, and then inserts the
quality scores he would set for each function.

SAIC recommends that the functions, if they are to be used at all, be
specified by the acquisition manager and included on the surveys. 1In
addition, the forms in the guidebook, shown as examples, do not have
space set aside for the respondent to indicate factor quality scores.
We recommend adding specific room for these answers.

4.4 CQuality Assessment Recommendations

Recommendations in this section apply to Volume III, Software Quality
Evaluation Guidebook [BOE-3].
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4.4.1 Data Collection Workbook % .'s .’v

" See: Guidebook Volume III, Paragraph 4.2.3, "Answer Worksheet
" Questions”
]

volume III of the guidebooks, in paragraph 4.2.3, discusses how the
worksheets are to be filled out for metric evaluation. The section is N‘ .‘,q,
approximately one and one-half pages long, and briefly describes the
P layout of the worksheets, who should answer the questions, how to

]
Y identify source material, and what to do about all-inclusive questions. ﬁN .::*'
p It mentions that results should be reproducible, and that any judgments x5 )
% made and metric violations noted should be documented. et
. .;.',' b
X There are no detailed explanations or recommendations concerning exactly "shm
how the worksheet questions are to be answered. We recommend that such “ }
$ details be included in order to promote a uniform approach to software "“#Q
s ineasurement technology. This uniformity will allow results to be ?b“.
X gathered across various projects that are comparable. It will reduce "M
I the perception in industry and the academic community that this . J\'ﬂ
! technology 1is arbitrary, and allow research to proceed that can T4
, correlate quality measurements to actual system performance. In K B
: addition, such details would supply guidance to allow the technology to ot
v

v
]

be most effectively and efficiently used.

2 The text should reflect the fact that it is not the best approach to
ot simply sit down with a document (or source code), get the worksheet, and

answer each question in the order presented. The worksheets are not
X really worksheets, but are simply a 1list of applicable questions
a presented in order by mnemonic. This listing is important and useful,
u but data should not be collected in the same manner as the list is
) presented. This is because the worksheet questions are repetitive and

interrelated. The questions are valid, but data can be gathered much
more efficiently and effectively if another approach is taken.

) The SQM guidebook should recommend an approach that is useful and
[ cost-effective, minimizing manual effcrt and maximizing the data
gathered. Automated tools are an obvious direction to take, and the

! methodology does not indicate how to take advantage of these tools.
4 One way to aid the user, whether he has access to tools or only to
> manual data collection, is to categorize the questions. Various types
of categories would be wuseful to the question-answering process.
Potential category methods are discussed below:

® Data necessary to answer the question
X e Skill level required to an' .~r “he guestion

e Techniques for answering the guestion

PR R W
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Data necessary to answer the question. The SQM methodology was designed N
to be in accord with the software life cycle as described DOD-STD-2167. bt
' This life cycle has defined products and reviews that are recommended Fﬁ¢$§§
. for each phase of development and deployment. The Data Item ‘:ngdq
! Descriptions (DIDs) that correspond ‘> these products mandate certain Sl
information for each of the product:z :reated. One categorization method ‘gﬁaqav
would be to list the correspondence between question source material ARG
(the location of where the answer should be in a standard DOD-STD-2167 MY
type development) and the questions. An example of this is question wéaﬁz&
y 8I.1(9) in Worksheet O0: Are there requirements for a programming rlﬂh.ﬁs
. standard? The Software Development Plan (DI-MCCR-80030), in a ’h;< A
* development following DOD-STD-2167, should contain this information in fﬁ{“#
paragraph 5.1.6. Knowing where this information should be located would b
greatly aid in either automated or manual data collection. }_._’F;
v
A second aspect of knowing the source of data necessary to answer each ﬂ%&ﬁw
!

question involves looking at the minimum amount of data required to
answer all questions. As mentioned before, the worksheet questions are
not totally independent of each other. Some questions are word-for-word
repetitions of other questions, and some questions use data that is also
used to answer other questions. This is not a defect, but reflects the
reality that the criteria and factors we measure are not (and should not
be) orthogonal to each other.

It does mean, however, that answering each worksheet question in order
may involve doing the same work over and over. To avoid this, it would
be easy to create a list of the minimum data set required to answer all
questions for each worksheet.

! Skill level required to answer the question. The questions on the
i various worksheets are not all equivalent in terms of the background and
experience necessary for an analyst to quickly and effectively answer
them. The most senior personnel could, of course, answer all questions.
However, some questions are so straight forward as to lend themselves
) easily to either automation or to evaluation by much less experienced
{ analysts. It is more cost-effective to use these techniques where
possible, and to focus more senior effort on the areas where it is
important. Table 4.4-1 presents our analysis of the skill level
required for the various questions on Worksheet ¢B. The category
"junior analyst" refers to people with 1 to 4 years experience in such
things as documentation, requirements analysis, and configuration
management. The "senior analyst" has 5 to 15 years experience in the
same sort of tasks. "Junior programmers" are design and implementation
personnel, typically with 1 to 5 vyears experience. The "senior
programmers" are highly experienced in system requirements, design,
coding, and testing.

The skill level analysis was required for our evaluation of Worksheet 4B
only. Earlier worksheets were such that non-programmers could easily
evaluate nearly all of the questions. Examination and understanding of
the code, however, required personnel experienced in programming. Based
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TABLE 4.4-1

SKILL LEVEL REQUIRED TO ANSWER QUESTIONS ON
WORKSHEET 4B

ANALYST
QUESTION

JUNIOR SENIOR JUNIOR SENIOR
ANALYST | ANALYST | PROGRAMMER | PROGRAMMER

AM.1(3) X
AM.2(7) X
AP.1(1) X
AP.2(1)
AP.2(2)
AP.2(3)
AP.2(4)
AP.3(2)
AP.4(1)
AT.1(1) X
AT.2(1)
AT.2(2)
CP.1(2)
CP.1(4)
CP.1(9) X
CP.1(10) X

CS.1(2)
CS.1(3)
CS.1(4)
CS.1(5)
CS.2(1D)
CS.2(2)
CS.2(3)
CS.2(6)
EP.1(2)
EP.1(3)
EP.1(4) X
EP.1(6)
EP.2(4)
EP.2(5)
EP.2(7) X
ES.1(6)
FS.1(1) X
FS.1(2) X
GE.2(2)
GE.2(3)
GE.2(4) X
ID.1(1) X

ID.1(3) X
MO.1(3) X
MO.1(4)
MO.1(5)
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:: TABLE 4.4-1 (CONT)
;;: SKILL LEVEL REQUIRED TO ANSWER QUESTIONS ON
! WORKSHEET 4B
:;: ANALYST
" QUESTION — : :
o JUNIOR SENIOR | JUNIOR SENIOR
. ANALYST | ANALYS: | PROGRAMMER { PROGRAMMER
. MO.1(6) X
o MO.1(7) X
e MO.1(8) X
MO.1(9) X
B MO.2(5) X
! SD.1(1) X
SD.2(1) X
" SD.2(2) X
» SD.2(3) X
° SD.2(4) X
Y SD.2(5) X
SD.2(6) X
SD.2(7) X
>, SD.2(8) X
L SD.3(1) X
o SD.3(2) X
SD.3(3) X
< SD.3(4) X
] SD.3(5) X
u SD.3(6) X
2 SL.1(2) X
; S1.1(3) X
» S1.1(4) X
Y S1.1(5) X
SL.3(1) X
;: SL.4(1) X
- SL.4(2) X
. S1.4(3) X
Y S1.4(4) X
0 ST 4(5) X
S1.4(6) X
SL4(7) X
SL.4(8) X
S1.4(9) X
S1.4(10) X
SL4(11) X
S1.4(12) X
S1.4(13) X
S1.5(1) X
S1.5(2) X
SL.5(3) X
PP/RD/03
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on our experience, however, we recommend that early worksheets be
evaluated by more senior personnel, and that the later worksheets can
mostly be evaluated automatically and by more Jjunior programming

personnel. The reason for usinzg o =~ persennel early is to add their
experience and knowledge to the precat:on of the system and of
metric questions. The decisions '~ early in the life of a project

have great impact on its cost and e!iectiveness. Later worksheets are
of course importznt, but errors in judgment at that point are less
costly to correct than are =rrors made during requirements analysis.

There are several implications for listing the skill level reguired to
answer each of the questions on each of the worksheets. 1In general, the
greater the skill or experience required to answer a metric question,
the more difficult it will be to automate that guestion. Automation is
an important cost reduction tocl for the software quality measurement
methodology, and can be us2d in conjunction with understanding of
experience needed. In addition, experience is needed to aid in the
evaluation of the impact of a "No" or "0" answer toc a metric question.
This experience can be used to make recommendations as to corrections
and effort that should be devoted to a particular problem. The mote
subjective metric questions should be analyzed by the more senior and
experienced staff, in order to best use the talent available. This is
particularly true in the earlier worksheets (Worksheets 0, 1, and 2).
The later worksheets (3A & 3B, and 4A & 4B) are more easily automated,
and tend to contain questions that are more explicit and of a "counting"
nature.

Techniques for answering the question. The methods used to answer
questions lends itself very easily to establishing some basic catgories.
The types of categories we recommend include:

e Counting. Some metric questions may be answered by a
straight-forward counting of such things as lines of code,
lines of comments, nesting level, and data references. These
in general require little decision-making, and may be
completed in one pass through a document section or unit of
source code.

e Understanding. Some questions require an analyst to read and
understand material, in order to decide if the material is
clear, complete, logically indented, etc.

RECOMMENDATION -— These types of categorization and analysis methods are
all reflected in the workbook approach recommended by SAIC. The
workbook would be a collecticn of true worksheets, with each worksheet
indicating the categories and information discussed above in this
paragraph.

Figure 4.4-1 is a sample of how some of this workbock should lock. The

workbook would indicate where in particular drcuments data items are
expected to be found. It should also indicate the analyst level of
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personnel needed to collect and evaluate the data. This would eliminate
a great deal of search time. It would also indicate the skill level of
the analyst needed to complete each of these new worksheets, and
indicate techniques for data collection and evaluation. ‘

The workbook would indicate, for sections of each source document, what
questions are to be answered, what data collected, and who can best
collect the data. An example of this is the data collected for each
"described function." The analyst would examine each function, and note
whether it is defined completely, what its name is, and what references
to it exist. All this information would be used to answer metric
questions on the kind of worksheets currently given in volume III of the
guidebocks. The analyst evaluating the specification would be aware of
exactly what data is needed, and where it is to be used on each
worksheet.

In addition, the workbook could contain areas that allow the evaluator
to add comments and information on any software problem reports
generated. Dates of problem report submittal and resolution could also
be included.

The workbook approach is also very efficient at gathering data, even
using manual methods. The analyst performing the evaluation is not
forced into repetitive examination of material, but evaluates it in a
meaningful fashion with as few iterations as possible. Another main
strength lies in the repeatability of the process. Currently, no way
exists to verify a metric score, because no data is retained which
supports any conclusions. Using a formal data collection workbook would
provide a means of retaining the data, allowing verification, and also
allowing the recalculaticn of scores based on document updates.

These workbooks could be tailored (for reduced sets of factors,
criteria, or metrics) just as the current worksheets can be tailored.
Data that is not needed for any metric elements would not be collected.
To support this tailoring, the workbock should include references to
applicable metric elements for each data item to be collected.

4.4.2 Scoring Worksheets 3B and 4B
See: Guidebook Volume III, Appendix A, "Metric Wcrksheets”

The SQM methodology specifies that one copy of Worksheets 3B and 4B is
to be completed for each software unit. A unit 1s defined in
DOD-STD-2168 as the smallest logical entity specified in the Adetailed
design which completely describes a single function in sufficient detail
to allow implementing code t- "~ produced and *fasted independently of
other units. The definitior -+ appliss to *he upits as the actual
chysical entities implemented =eocode,  Tn the seorkisheet context,
this definition seems %o be what is mearr o +the +term "unit."”
Measurements are made against each unit, thep ~~~ 37l fevs 50T senpeg.
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The advantage of completing a separate Worksheet 3B and 4B for each unit PR AN,
of the code and design lies in unit independence. Worksheet answers may .
be easily separated and distributed to the authors or evaluators of each SN
software unit. There is a major disadvantage, however, in the bulk of ,_.\'.u}'v}_‘
the paper involved. ";:;-_ e

| R

In all but the smallest systems, the evaluation of Worksheets 3B and 4B, T OIS

as they currently exist, would create a mountain of paper. As an
example, consider the size of the Enemy Course of Action Evaluation Aid
(ECOAEA) and the Enemy Sortie Capability Measurement Aid (ESCMA)
systems. Each of these systems is small. The ECOAEA consists of 29
files having 150 subroutines or units. The ESCMA consists of 139
programs and procedures.

If each unit were documented in the detailed design, then the 10 pages
of Worksheet 3B and 13 pages of Worksheet 4B would be completed for each
unit. The result of this would be approximately 10,800 pages just to
record metric element answers. On a large system project, this number
could quickly become astronomical.

For this reason, we recommend that the SQM methodology be modified.
This recommendation concerns only a format change for Worksheets 3B and
4B. If the worksheets were modified to a tabular form, the amount of
paper generated could be drastically reduced. In addition, the process
of scoring each CSCI would be made easier.

As an example of the reduction in paper bulk, the following tables are

proposed for Worksheets 3B and 4B. The modified Worksheet 4B consists *T-"‘-'!
of 10 pages, and answers for 15 units may be contained on each page. r.‘v'_._f'.:-'
This means that 333 pages are reqguired to hold answers for 500 modules AN
(500 modules divided by 15 modules per page multiplied by 10 pages per EALNG
worksheet). Under the current methodology, “,500 pages (13 pages of iy
worksheet 4B multiplied by 500 modules! woulld be required. This is parirny
better than a 19:1 reduction. Fo: Worksheet 3E 8 pages were used for ,
the tables. For both wecrksheets together, the page count for 500 '.:-".:_._-'
modules is 600 pages using the modified tables, and 11,500 using the SQM NS
method. :.‘,-?_\-';vr
QAN
. . AR
Figure 4.4-2 is a sample of thcse worksheet answer tables. W
o
These modified scoring worksheets ~an be used with the data ccllection ALY,
workbook described in paragraph 4.'.1, abcve. The w>ikbooks .ecord the c:-f':-f':
original information needed to answe: the worksheet cuestions, but are :-:3::"-':'
not themselves directly scorable. These zcoring worsheets wonld be t.,-:j\
used in conjunction with the woerknhocx in ~rdey t~ rrovide a place to :.}};ﬂ;'
calculate and record the scores £~ bhoth Weorksheeots 3F snd 4B. -

S
4.4.3 Metric Worksheets Errors :::\:{-:~
IS

See: Guidebook Volume III, Appendix A, "Metii- i boovon ::',:.\_:'_:
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Some metric questions in the worksheets have typographical and other Ittt
formatting errors in their text. These questions are identified and T
described below. AT Y
'l.| |'..‘
X 0"‘:"‘0
SCORING ERRORS R
Many of the questions on Worksheets 3B and 4B are answered by either a :Jﬂhﬁuﬁ
"yes" or a "no" response. It is then appropriate for Worksheets 3A and fﬁﬁﬁﬁ?
) 5N

4A to total the number of "yes" responses. Occasionally, Worksheet 3A
or 4A incorrectly asks the analyst to "add applicable unit scores," as
shown below:

WORKSHEET 3A or 4A incorrect sample:

a. How many applicable units (score entered on 3B
(or 4B])?

b. wWhat is the total score for all applicable units (add
applicable unit scores from 3B [or 4B})?

c. Calculate bs/a and enter score.

This should be corrected to:

a. How many applicable units (answer of Y or N on 3B
[or 4B])?

b. How many units with answer of Y (see 3B [or 4B})?

c. Calculate b/a and enter score.

This correction applies to the following questions:
Worksheet 3A, FS.1(1)

For other Worksheet 3A and 4A questions, the reverse situation occurs.
Many of the questions on Worksheets 3B and 4B result in calculated
scores between 0 and 1. For some of these, Worksheets 3A or 4A
incorrectly ask the analyst to count the number of "units with an answer
of Y," as shown below:

Worksheet 3A or 4A sample incorrect version:

a. How many applicable units (answer of Y or N on 3B
[or 4B))?

b. How many units with answer of Y (see 3B [or 4B]}?

c. Calculate b/a and enter score.

This should be corrected to read:
a. How many applicable units (score entered on 3B

&S
Ny
N, g

[or 4B])? o

b. what is total score for all applicable units (add ohLea
applicable unit scores from 3B [or 4B])? ;ﬂkyt

c. Calculate b/a and enter score. ﬁ}gﬂﬁ&
This correction applies to the fc'lowing questions: AT

AL

Wworksheet 3A, SI.6(1) ;3:::2;-:_:5

Worksheet 4A, MO.1(4) A Ao
wWorksheet 4A, SD.3(4) ;}:.:?:
6
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Worksheet 4A, SI.4(7) Ao
Worksheet 4A, SI.4(8) I
Worksheet 4A, SI.4(9) Rt Nty
Worksheet 4A, SI.4(10) 3‘{
worksheet 4A, SI.4(11) “.;,3.,
W
Worksheet 3A, SI.6(1) ,h‘.:::;::

On Worksheet 3B, this question is:
d. How many unique operations?
e. How many unique operands?
f. How many total operands?
g. Calculate 1 - (2xe)/(dxf) and enter score.

Part (a) should contain "operators”, not "operations".
Worksheets 4A and 4B, EP.1(3)

Worksheet 4A contains the question as:
a. How many applicable units (score entered on 4B)?
b. What is total score for all applicable units (add
applicable unit scores from 4B)?
c. Calculate bsa and enter score.

Worksheet 4B contains:

d. How many units are required to be optimized for
processing efficiency?

e. How many units are optimized for processing efficiency
(i.e., compiled using an optimizing compiler or coded in
assembly language)?

f. Calculate l-(e/d) and enter score.

The question should be eliminated entirely from Worksheet 4B.

The Worksheet 4A question should be rewritten. In addition, the ‘;‘-Z;ﬁ-_
calculated score should have been e/d, not l1-(e/d) as shown in :;?ate:
Worksheet 4B. Worksheet 4A should then contain: R QA
a. How many units are required to be optimized for processing :}3#:“‘
efficiency? PACR AR

b. How many units are optimized for processing efficiency ®
(i.e., compiled using an optimizing compiler or coded in INCRANG
assembly language)? ]
c. Calculate a/b and enter score. jiixfbj
BN
Worksheet 4A, ES.1(7) AN
The question states: TN
a. How many total software units? e
b. How many software units are optimized for storage JB'\jr
efficiency... NN
c. Calculate l-(bra) and enter score. q};h;ﬁ
yoatatae

[ ]
1-37 O
AN

NN

.\%

R,

L
MO A 3
J : '_:.r: ol ':}' "“:-,‘3':}:'_‘ ::_.:.-*;-' _: j\ N Q‘N\: ra ‘;\:aql-’ '.-: S A N R A R S _\.'\-:::.r:::,\‘::
iy """\ N '-:-~$:;.-.f*v 3 : 335 S ;’*: ~$\.- :;';".’».'Z;.'.}_:.':i_::-;i;.::ir_.::..;-:-j*:‘:z;;



:" Oy
} o
G ]
o
..I""k""',
*J 'Q.la‘l-
e
» I:::I'::J:I"
This results in the score being lower the closer the system matches S " B
its requirements. Part (c) should be: -
c. Calculate bs/a and enter scoie. g w
)
worksheet 4, FS.1(1) : ':
K j-\" v
The score "box" for recording the answer to part (c) of this A MR
guestion contains " Y N N/A". It should contain room for a Py
numerical answer, followed by "N/A". - ..:.':::
Worksheet 4A,4B ID.2(2) A 0"4;
'.’::r
This question does not appear on Worksheet 4B. It states on 4A: LY X 20
a. How many units in the CSCI? @
b. How many units in the CSCI perform external input/output? ey,
c. Calculate 1-(b/a) and enter score. N "t.:::.o
ot X
The question should be redone so that it does appear on 4A as: "":c'.,:ﬁ
a. How many applicable units (answer of Y or N on 4B)? iy !‘1:!2
b. How many units with answer of Y (see 4B)? AL
c. Calculate 1-(o/a) and enter score. =g
ad .1:
Worksheet 4B should then contain: B :'.::
d. Does this unit perform exterual input/output? "‘.‘::::,'\:
N \
Worksheet 4A,4B ID.2(3) .,
This question does not appear on Worksheet 4B. It states on 4A: :‘».f\ ~
a. How many units in the CSCI? MG
b. How many units in the CSCI contain operations dependent :?"-Q«-_ h,
on word or character size? ;’::.'\:{:
c. Calculate 1-(bsa) and enter score. WA
The question should be redone so that it does appear on 4A as: S .,-..
a. How many applicable units (answer of Y or N on 4B)? :.-:a\-:}r
b. How many units with answer of ¥ see 4B)? t:-.:-\.v-.‘
c. Calculate l-(bsa) and enter score. "'::::\:E\
b fa® ¢
Worksheet 4B should then contain: M PY
d. Does this unit contain operations dependent on word DT T
or character size? plar iy
ol
Worksheet 4A,4B 1ID.2(4) :_’,x"\'_f
AN,
This question does not appear cn “"~rbchaet 4B. It states »on 4A: i ".
a. How many units in the C:7° “;‘,,.\'-s
b. How many units in the CT.. . :tain daty slement PRUASAAN
representations tha are maiiine dependent? _.\:.,::-f.,-
c. Calculate 1l-(b-a) and ent-: c-ore. TN
NI
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The question should be redone so that it does appear on 4A as: "._.t._.c
a. How many applicable units (answer of Y or N on 4B)? ®
b. How many units with answer of Y (see 4B)? e
c. Calculate 1-(b/a) and enter sccre. ;}:
A
Nt U

Worksheet 4B should then contain:
d. Does this unit contain data element representations
that are machine dependent?

reoxy

Worksheet 4B, AP.3(2) NN
'.'ﬁ\::-u:'
This question is: '3-.—:-':-‘-.,
d. How many lines of source cocde, excluding comments? NIy
e. How many non-HOL lines of code excluding comments? Kernd
f. Calculate e/d and enter score.
PRt
This means that the more assembly language a routine contains, the v
higher a score it would get. 100 lines of source code, 30 lines of ‘:‘.%,",-.",
assembly language is 30,100 or .33 for the score. 100 lines of score M"
code and 90 of them assembly language would get .90 for a sccre. Pttt
The reverse relationship should be shown. The questicn should have ®
part (£f) changed to read: e
f. Calculate l-e/d and enter score. 3':'“-%‘:
eodedy
4.4.4 Scoring '\y..
See: Guidebook Volume III, Appendix B, "Factor Scoresheets" ""“
'v ] 4
There is a typographical error in the scoresheet used for calculating :'-"\‘.\jir'
the factor efficiency. Figure 4.4-3 presents the scoresheet as &},.'?(,, \
originally shown in the SQM guidebooks. Figure 4.4-4 shows how the ,'f‘é\;:""
scoresheet should be corrected. -:.:,q“-,\‘.(
'.05-'_&::'
4.4.5 Software Quality Evaluation Report 1 0%
Y
See: Guidebook Volume III, Appendix C, "Software Quality Evaluation &:
Report" v%:t'\"\t
¢ R"-‘h )
The Data Item Description recommended in the SQM methodology for the 0NVt
Software Quality Evaluation Report includes tables 1listing metric @
scores, compiling criteria scores, and compiling factor srcores. In :':-:';-?\.
addition, the scoresheets used to calculate scores for each factor are -Z,-::..‘-::‘-
. N
to be included. St
:\-_?._’\__\
SAIC recommends eliminating these scoresheets from the reports, and in ‘,::‘
their place adding one more table to the report. Existing tables 'Y
already list all scores for metrics, for criteria, and for factors. One N o
more table could be included to list scores for each metric element. *:-".a.-
The scoresheet data would then be covered by these tabkles, and would not :..-\ oy

b need to be included at all. &E:r}_,
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The scoresheets are useful for calculating scores and should be .'_l..!cf:!t,
retained, but we recommend that they also be modified. Rather than I )
scoring each factor as is now done, we recommend scoring each criteria. )
ractor scoresheets would then only show the criteria to he used, and zﬂghﬁ“
could include the acguisition manager’s weighting formula for each .'l‘:é:f
criteria used. Even if no other changes are made to the scoresheets, ) .::'..'\.}
theicr bulk could be reducod by pntting more information on each page. agﬂﬁgi
We were able to reduce the amount of paper by three pages by simply e
cutting and pasting some of the pages together. To accomplish this e
shortening, we placed the factor INTEGRITY on the same page as the At
factor EFFICIENCY. VERIFIABILITY and INTEROPERABILITY were  both NN
cciidensed from three pages to two. N
‘:‘_\r\
We also recommend having a place to nut nformation as needed on each > Dy
scnreshee:. This informaticon c<ould include project, date, analyst, and ""_
CSTI being evaluated. Figure :.i-3 is a sample of the modified facto: d :4
scoresheet might look. The current scoresheet format would be used 1in ﬁza ¢
much of its current format, except that data would be included only to ﬂana
the criteria level. Each criteria would then be summed on the factor hy ﬂl
scoresheet page. WU
o
Ot
4.4.6 Glossary o
i
See: Guidebook Volume III, Appendix A, "Metric Worksheets” f@iﬁ (
& i
A glossary needs to be created for each worksheet included in Apperdix A ?&".f
ot Volume 1II of the guidebooks. This glossary sheculd contain all terms L
vsed in the worksheet, except such words as "the", "calculate", etc. AN
Every software-criented rerm should be campletely defined and reflect Cﬂmat
the way that it is used in the particular worksheet. 1In addition, each .'\:‘-'
. by ; ; : ~ ; MO
term shoul-l be used uniquely and consistertly <or a ccncept or item. As 5ﬂh¢\
an  example, "data items" and "data refer-nces” seem to be used LA
interchangeably on *he first twe worksheets. “nly one term should be A
used. RN
4.4.7 Evaluation Procedur:s NS
AN
See: Guidebook Volume TI7, Arrenaix &, "lletri- wWorksheats" YAt
. . .- : - e, IR, P - : i ~ ALY,
Steps to ke used as conven' . onn for oeath guestis and eacrn situation -\."}.'_
likely to occur shcuid ko defir=t #-r each workshest . These sieps would ::-:.J-:
likely be basically the same azi- s the wotkshoobts,, with only some \Gﬁﬁ\,
specific quidance needed fr: the cCoparate cheoss ot answer  unique QAN
questions. :'f\'i )
An example of this guidance .= . we
1. For multiple part questi ..z that
orcurrence to rthe piss.hi- nonhe:
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[Example: a. Number of calling parameters
b. Number of calling parameters that are control

variables.
c. Calculate bra ar enter score.]
If the answer to part (a)} .: ~ro, then the score received

for part (c) is "N/A".

2. For "all or nething" questions, the answer must be "N" if
any of the measured items do nct fully meer the question’s
statement.

[Example: Are all inputs documentizd as to the specific use
and limitations of the data?]

i If even 1 input zut ol 99 is not documented, the answer to

the example question is "N". Record the "No" irstances so
that the acquisition manager and system analysts may have
this data available as needed. (The recommended workbook,
Section 4.4.1, is a good place for this information to be
recorded.)

3. Questions should only be scored as "N/A" under two
circumstances. If a question or element has been defined as
not applicable for the entire system and eliminated from the
scoring process, it may then be scored "N/A". The second
circumstance is when these procedures direct such a score
(see Procedure #1, above).

4.4.8 Examples
See: Guidebook Volume III, Appendix A, "Metric Worksheets"

while SAIC recommends examples for every step in the methodology, we are
particularly interested in seeing examples presented for each metric
question in the worksheets. These examples need not be complex, but
should illustrate the kind of material that the question concerns, and
the focus of its statement. For Worksheets 3A & 3B, and 44 &4B, the
examples could be directly related to a small sample of pseudc-language
used in design, and actual code used in constructing the equivalent
routine or unit, respectively. For other questions, a simple statement
of the types of information that would allow a user to determine an
answer to the question would be very helpful.

These examples would not be included in each worksheet itself, but in a
separate set of material that could be referenced along side of each

worksheet during evaluation. The examples could also reference and
include the workbooks (see Section 4.4.1) vecrommended for data
collection.
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Together with the workbook approach discussed in section 4.4.1, the @
evaluation procedures discussed in 4.4.7, and the glossary of 4.4.6, p:’,-‘\,,,
nearly any difficulty that an evaluator might have concerning each :n".:
individual metric question should be easily resolved. ;::‘.-‘r '
SN
> t
4.4.9 Delete or Move Questions &‘N W
See: Volume III, Appendix A, "Metric Worksheets" ,:.:\_P.
A
Some metric questions are asked at inappropriate levels. In general, :\"‘:j: )
these questions are of a low level of detail, but occur on worksheets ,_-’-5-:.,"""
used to analyze requirements or preliminary design documentation. SAIC ',’-Z:{: ]
recommends moving these questions to worksheets 3A & 3B, and 4A & 4B. =

4.4.10 All or Nothing Questions

Many of the questions from the worksheets require all or nothing type
responses. An example of this is question AM.2(7) on Worksheet 4B: "Is
a check performed before processing begins to determine that all data is
available?". Other worksheet questions are ratios of possible number of
occurrences to the total number of occurrences. While we commented on
these all or nothing type questions, we do not recommend changing them
at this time. 1Instead, we recommend that further research be conducted
to verify their usefulness, and to validate the statistical validity of
combining yes/no questions, all or nothing type questions, and ratio

calculation questions. Y@
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6.0 ACRONYMS

X Ccsc Computer Software Component
A

CsCI Computer Software Configurat:-n Item

DID Data Item Description
5 ECOAEA Enemy Course of Action Evaluation Aid
ESCMA Enemy Sortie Capability Measurement Aid
' MPR Methodology Problem Report

RADC Rome Air Development Center

SAIC Science Applications International Corporation

SQM Software Quality Measurement
‘ sQMD Software Quality Measurement Demonstration
] TPR Technical Problem Report

WS Worksheet
!
!
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SURVEY QUESTIONNAIRE
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SOFTWARE QUALITY MEASUREMENT DEMONSTRATION PROJECT

As part of the evaluation of the Specification of Software Qualit
Attributes methodology, SAIC is following the procedures outlined to
measure the software quality of two decision aid systems. These
programs are the Enemy Sortie Capability Measurement Aid, and the Enemy
Course of Action Evaluation Aid. Both aids are part of the Senior
Battlestaff Decision Aid project.

Because of your involvement and experience with these aids, we are
asking you to fill out some forms and return them to us. These forms
will he used to determine what quality goals should be specified for
each major functicn of each decision aid. They will also be used to
evaluate the adequacy of this method of quality goal specification.

In addition to the gcal specification forms, we will ask you to £ill out
a form jivinyg us your response to this method of goal specification.
Please koep track of the time you spend on this complete task so that
you may ~ompletely fiil in the last feedback form.

Figure 1 presents the 13 scttware quality factors we are concerned with,
aiong witn definitions of each. To aii i understanding, these factors
#ve grouped under madtor concerns (performance of the system, how it is
t be designed, ard how adaptable [t peecs to bel.

nd oo cuatit, orve, o owe would like yoa oo 71 oowat,
wwh dec.sior aid, TF yve ;v familiar erth hethoajds, fil
Cer Tormolsoap, . outate. Forowenn s loc ion ard Lanevion 1onted
et ploase cate e aly fopl s Adenrrable £ hach
actor. TE pou o e e i s vt e Dot s “The
choiny 1 othe qoan own el e o g ae cpec s el Ay,
il onhle NI ST DN T A T P : Cooen T g ol 1]
oal o now helleue v ke Taportas TE ey Aot ppoo e tha
Song, ezt Eoll oas v deer Tnirone Sting
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The last form we will ask you to complete is Figure 2.
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ACQUISITION
CONCERN CRITERION DEFINITION
ACCURACY THOSE CHARACTERISITICS OF 5~ TWARE WHICH PROVIDE THE REQUIRED PRECISION IN
. CALCLULATIONS AND OLTPLTS
PERFORMANCE | ANOMALY MANAGEMENT | THOSE CHARACTBAISITCS OF SOFTWARS WHICH PROVIDE FOR CONTINUITY OF OPERA-
TIONS UNDER AND RBCOVERY FROM NON NOMIN AL CONTHTIONS.
ALTONOMY THOSE CHARACTERISTICS OP SOFTWARE WHICK DETERMINE ITS NON-DEPENDENCY
ON INTERPACES AND PUNCTIONS.
DISTRIBLTEDNRSY THOSE CHARACTERISTICS OF SOFTWARN WHICH DETERMINE THE DEGRER TO WHICH SOFT-
WARE FUNCTIONS ARE GEOGRAPHICALLY OR LOGCICALLY SEPARA TED WITHIN THE SYSTEM.
EFFECTIVENESS.COMM THOSB CHARACTERISTICS Of THE SOFTWARS WHICH PROVIDE ROR MINIMU™M LUTILIZATION
OP COMMUNICATIONS RESOURCES IN PERPORMING FUNCTIONS
£ “TIVENESS. THOSE CHARACTERISTICS OF THE SORTWARS WHICH PROVIDE POR MINDMUM UTILZATION
Pac o 5SING OF PROCESSING RESOURCES IN PRRFORMING FUNCTIONS.
EFFEL TVENESS-S1ORAGE | THOSE CHARACTERISTICS OF THE SOFTWARS WHICH PROVIDE FOR MINDMUM UTILIZATION
OP STORAGE RESOURCES.
OPCRABILITY THOSS CHARACTERISTTCS OF SOFTWARR WHICH DETERMINE OPERATIONS AND PROCEDURES
CONCERNED WITH OPERATION OF SOFTWARS AND WHICH PROVIDS USEFUL INPUTS AND
OUTPUTS WHICH CAN BE ASSDMILATED:
RECONFIGURABLLITY THOSE CHARACTERISTICS OF SOFTWARE WHICH PROVIDE POR CONTINUTTY OF SYSTEM
OPERATION WHEN ONE OR MORE PROCESSOKS, STORAGE UNITS, OR COMMUNICATION
LINKS PAILS.
SYSTEM ACCESSIBILITY | THOSE CHARACTERISTICS OF SOPTWARE WHICH PROVIDE FOR CONTROL, AND AUTXT OF
ACCRSS TO THR SOFTWARS AND DATA.
TRAINING THOSE CHARACTERISTICS OF SOFTWARE WHICH PROVIDE TRANSITION PROM CURRENT
OPERATION AND PROVIDE INTTTAL FAMZLIARIZATION.
COMPLETENESS THOSE CHARACTERISTICS OF SOFTWARS WMICH PROVIDS PULL IMPLEMENTATION OF THE
DESIGN PUNCTIONS REQUIRED.
CONSISTENCY THOSE CHARACTERISTICS OP SOFTWARE WHICH PROVIDE POR UNTPORM DESIGN AND [M-
PLEMENTATION TO THE REQUTREMENTS WITH RESPECT TO THE SPECTFIED DEVELOPMENT
TRACRBABLITY THOSS CHARACTERISTICS Of SOFTWARE WHICH PROVIDS A THRBAD OF ORIGIN FROM THE
DMPLEMENTA TION TO THE RRQUIREMENTS WITH RESPECT TO THE SPSCIMED DEVELOPMENT
ENVELOPE AND OPERATIONAL ENVIRONMENT.
VISBILITY THOSE CHARAGTERISTICS OF SOFTWARE WHICH PROVIDE STATUS MONTTORING OF THR
DEVELOPMENT AND OPERATION.
APPLICATION THOSE CHARACTERRISTICY OR SOFTWARE WRICH DETERMINE [T3 NONDEFENDENCY ON
ADAPTATION INDRPENDENCY DATABASE SYITEM MICROCODE, COMPUTER ARCHITECTURS, AND ALGORITHMS.
AUGMENTABILITY THOSS CHARACTERISTICS OF SOFTWARS WHICH PROVIDE POR UNTRORM DESIGN AND
IMPLEMENTATION TBCHNIQUES AND NOTATION.
COMMONALITY THOSE CHARACTERISTICS OF SOPTWARS WHICH PROVIDE FOR THE USS OF INTERFACE
STANDARDS POR PROTOCOLS, ROUTINAS, AND CATA REPRESENTATIONS.
DOCUMENT ACCESSIBILITY] THOS& CHARACTERISTICS OP SCFTWARB WHICH PROVIDE POR EASY ACCESS TO SOFTWARE
AND SELECTIVE U3 OF ITS COMPONENTS.
PUNCTIONAL OVERLAP THOSE CHARACTERISTICS OF SOFTWARE WHICH PROVIDE COMMON RUNCTIONS TO BOTH
SYSTEMS.
PUNCTIONAL SCOPS THOSE CHARACTERISTICS OF SOPFTWARS WKICH PROVIDE COMMONALITY OF FUNCTIONS
AMONG APPLICATIONS.
GENRRALITY THOSR CHARACTERISTICS OF SOFTWARE WHICH PROVIDE BREADTH TO THE PUNCTIONS
PERFORMED WTTH REBPECT TO THE APPLICATION.
INDEPENDENCE THOSS CHARACTRRISTICS OF SOFTWARE WHICH DETERMINE [TS NON.DEPENDENCY ON
SOPTWARSE ENVIRONMENT (COMPUTING SYSTEM, OPERATING SYSTEM UTILITIES, INPUT,
OUTPUT ROUTINES, LIBRARIES).
SYSTAM CLARITY THOSE CHARACTRRISTICS OF SOFTWARE WHICH MOVIDE BOR CLEAR DESCRIPTION Of
PFROGAAM STRUCTURE I¥ A NON-CONPLER AND UNDRRSTANDABLE MANNER.
SYSTEM COMPATIBILITY | THOSE CHARACTRRISTICS OF SOFTWARE WHICH PROVIDE THE HARDWARL, SOFTWARE, AND
| COMMUNICATION COMPATIBILITY OF TWO SYSTEMS.
VIRTUALITY THOEE CHARACTERISTICS OF SOFTWARS WHICH PRESENT A SYSTEM THAT DOGS NOT RE.
QUIRS USER KNOWLEDOS OF THE PHYSICAL, LOOICAL, OR TOPOLOGICAL CHARACTERISTICS
MODULARITY THOSE CHARACTERISTICS OP SOFTWAAR WHICH PROVIDE A STRUCTURS OF HIGHLY CO-
HESIVR COMPONENTS WITH OPTIMUM COUPLING.
GENERAL SELP.DESCRIPTIVENESS | THOSE CHARACTERISTICS OF SOFTWARE WHICH MROVIDE EXPLANATION OF THR IMPLE-
MENTATION OF FUNCTIONS.
SIMPLICTTY THOSE CHARACTERISTICS OF SOFTWARE WHICH PROVIDE FOR DEFINTTION AND [MPLEMENT-
ATION OF FUNCTIONS IN THR MOST NONCOMPLEX AND UNDERSTANDABLE MANNER.

X A&

Table 3. Software-Oriented Criteria Definitions

- . - L3 - - »
f\."‘."\.'\-r‘.r o

EAY

[4
]

'

]
»
(4
AR
o

3
x

.
'y

'l
v
.

7
i
o

v w_ v =y
.I "!l’
fat
n"’-f ]

a5
4

1.: s
o oAy

(I 'I
/
e

oL
X
)

<
a5 5
0 ,4,04®

e

2

»
L
(]
[ 4




-

P i e R Ny N

P A
LA @
& \-.\~ \-.\f\-- -v- Y

BITNNTS @1 NS @
‘ N e ¢ ‘)
51-1.:\#..-4- -GJ.V PSS, I e Wt

Buiner Aupqesn

AnpiqesadQ Aupqesn

Aseinpowy Alpgeaiaing

SIBUPSINQIANSI] ANPIGEAIAING

Awouoiny ANpgealaung

suswsBeunyy
Apwouy ANjiquaraing

Anaduns :Aupqeney

Asmanaoy Anpqetiey
wswebsueyy
Apwouy :Anpgeney

Anpqrssedry
weisAg :Ajbaru|

aBe201S JO
AnOe;)3 (Adusidng)3

Buirtedoid Jo
SSOUSAII Y} (ADURING) T

uonNeNUNUILCY) JO
NOUBAIIINY T (ADUNINY T

el SRR SRl e el el R R R Rl il T S ittt

--—4-——-4--—4--_1L_—<.—- 'R S [N S I [ S G-

SRR s e ks o R R A R R e el et s sttt

.---1._-.1._ RS SIS P SIS ISR G U [P SPNI: [N I G

e e A R L R S s s ol ....0___#_ [ A R pe——

R s it sl et akts sl sl st ts sk sl et
IS S I O U (N U AV (O NS U S G

vI¥3LIYD
.‘ G31VID0SSY

2 ANV ¥O10V4

5 SNOILINNS YWIS3I

i sbutiey e1ua1ta) YISl b alqel

RIS h..mr e ..u.u, AT aun.w..n..a £4L -«ﬁ........m...}.u A « (REAERES LA RNAA RGP S Y



Zoie Pl X = W T T i gk L, Chaf Jol il el Yot oy
'y’ P - d TR v ' x . .
0 U A LY N s A N G S N o AN Sy
&5 e 5.-“ S PR .m TMHA.NA.. %Pw, v ..\. AR u.xu....\.‘... o
LY S5 LY ' \-h\ g .- \n 5 -- -- » .-
- .-‘ -.nh- If l*c*ﬁ..! v- 3 ﬂhh~ \ L F F-A!.\F;J.\ln\ fl\\: .l\\nnnf-f‘.- e ‘\I\--. _r\u‘\on\.-. LA f\.{
“ .ﬁ H 4_ 4” § ﬂ Anpqriuac hny
| | ! ! l ! ! Aupgepuedxy
— - - } ¢ ' i 4 \ — - i e
“ “ " “ " " “ Avoydung  Appgeyuapn
— - — - - 44—+t -— -4+ - I T
._ d +_ | d_r i ﬂ _f ssauaaidntag
! ! [ ) ) ! 1 -419S (Aupiqenyisap
— -t - -t - + Rl & R B A R S
“ " " “ “ " " Aueinpoy “ANpiqeijusaA
t + - -t — t+——t— 1t
! X ' ! “ ! " AMPQIIA ANpqEIIOA
e e — ——
| ! " " " ! | Aoydung :Anpiqeumiuiew
i $ —— . _ & 4 i } 3
ﬂ d_ !&. «. 4_ “ u ssausandiineQ
1 1 ' ' | I ! -319% ANMpqeuRILIeyy
¢ — —— + + +- 4
! ! “ ! ! “ \ Anegnpopy :Anpqeumiueyy
- ——t— —+ + + t - '
! ' " " | ! ! AngIA Aupqeuieiuieyy
~—t B e B poo—f
| | " \ “ " ' A2uaisisuo) :Aupiqeureiuteyy @
+ + — t + t- ¢ <
! “ " ! \ " X ANjiqeesesg $58U1391100)
R b EEE e S ! S s e S t
" " " “ “ " " AJUBitI5U07) ($39UNDI0D)
t ——t— 1t -— 1 t t
! ! ! __ “ ' J $50UNAWO) (55UIDIII0D
Y b A 1 i 1 A

vid3LiYd
a3Lvidossv
OGNV HOLOV4

SNOILINNS YWIS3

(panutiuo)) sbutiey eLUaILL) WIIST b dlqe]




R PR A P PR PR N A AN L0
“ & "M.a. @ A'”A-l‘ J-\'”l-’.-“\l_ w. % V &P * L \*“ h “ ’ }\.VMAWW”\( ');m ® »-..-\‘-\.v\ \-1.\1-. .,t-..(\)-\-f \-t -- ---1 ' ._,r--.-\---.-- .-.-\.- f.
: ;I , d SRR B AN N Y BT
S5 X IR a~.+ Bl S i Gt e e, AN
NN R JANLALNNY be Yo o \%KVME Fafol W Al b S T T A S ] (AL R ITAAANRIATNYY
T T T T - o
1‘ ) 1 ' [,“w ' .« 1‘_\ Anw Avpqueawio )
. \ ! 1 ] t ! ! ' uraer o Aprpgeiadasogiyg
[ | . . _ Co
| | t ) 1 [
A [ | | | 1 ! Arcrgesadorag,
; -+ - t | ‘- 1 : i
! | I } ) ; | I dopaaagg
h “ I [ : i Puotrung Anjigeradosiaug
L USRI - - +o- o +- } 4 _ L Lo — L .
) | ' ) | ) ) Ayypuounuo?)
. ' i [ i ! i i ALpgeiadorajug
} e --|“J =t - -.4 1- 4% - i 1 - o
. " | “ " " \ " Aumdung  Apgiaa; §
— 4t —— 4 -—t = +---—-1 = -4 - 4 : i p— e s s e
j ) | \ ) ) ! : RETEINT [FR2tYe]
% | | | 1 | | — [ Heg Alqqixary
: w e e S e
3 ! !
., ) : “ " “ “ b , " Aieinpogw Appyixa)y
. 4 + + TR O S SR S SR
o } ) 1 i ! . i ! ﬁ
3 | ) i | o ! _ ' Ali[essUBn) ALIQind)4
: ¢ w e e B T B S s
: ! _ v “ | ” _ : “ “ Aysrpdang - Apjqepuedxy
b— - — - L B ERR EER - % i -+ -
\ { \ | | | : 3100aANd1INMIQ
X ) ] ) f i ' i ! 3195 umgepuedxy
b + + N — —t s L +- e e
! | , t
.u . “ “ _ ) . ! “ i Ayaminp conLepurdxy
: ——+ e e S e e et SEEEE N S e
: | ) | i ,
! ! _ | " “ _ H “ punina Anpigepuedx g
. t + = e — 4 - R R w T e .
, | i _ ; v
_ | ! " — ” _ ; — “ » Aleiauany Aligepuedx
i | 1 A . ( 4 i
« \ N
; , \
- / / iy D
\\ / Q31 viROSSY
b / \ ONVY HO LIV !
- y
Py 4
< / /.
b \\ \ \\\\ T T
AN
N SNOTIONG 2 -DS
H MCUJ:_«::JV A,.__Zaﬁu,.w e R o
o - Py - < - - s B WN 1K p A a_a x ~ - - . - - « e .




. - PR
-

b, o 58 4% . SELE] BANANASH  RRSXALEL Lo e N EEEE Sl AR s S VS T ey gy vy 2
Y o € EL AL 5 N RN NS AR . 0
,N\...\....u.x .Wfﬁs@eﬂfﬁ e .H\.r\”v.ﬂ oS, .H &..VM.-& X . -L., »........«..u. .amfx.u.mmxﬂ.w..nx“\».m ¢ \f..wnn.w. wy .H.,. .q._\wn.......xf.“.v. e Ty v ® LTSI
e a it RIEIGIN S S Yo LA S I IO A Xod BRSO RO B T
v\.w_- J-. ...;-J ’ P-Fa-f\f\ﬁ- l-fh.. ...rhn\-f\.-\w-v\l\x % -hl\fl-w&hh-f < RF&#-FAR«F. -\\ P N \.vnf \v\\vﬂ? \M 4 -\V Mnihﬁ“!\‘ Nu-w. PR AL Y AN 7. 354585 #&ﬁbﬁn
.
e
b
y
w. T T Y T B SR T
.k 1 “ ! “ ' ~ ! ! Ayondung  Anpigesnay
4 { i ] 1 3
s o : ' S
m.. _+ ” “ w N ﬂ | ssauaandunag
s 1 ) t 1 . } i 138 Anpqesnay
4 sl S -t SR Sl Su Sem— b + i
<& __ ' f ' ! ! ! Asenpoyy  Anpqesnay
2 J ! i i i i B
a —_ - - -t —f ™ e e e
4 | _ _ | . i | wrey
w. 1 i i { ﬁ h t ! WIBAS Appqesnoy
4 e T e B B S it it Sestel BERIE Sl e
3 " ' ! ! ' “ " vouspuedapu) :Anpqesnsy
. L et 1 - A — e +
m i i * ! ! B ! ﬁ “ Ajeiouen) (Anpqesnay
"._ ] g ) i i ' | ’
S T e At S sunmt At Sl Sl A —i -
m”. ! | 1 i ] 1 t I sdodg
.-.. +_ ! N ! ! ! ! PuossuUNy AN|GeSNeY
N + } - —t —— — 4
w.. ) ! 1 Hi ) "Il 1 ANpqusseddy
w... ! i ! ) " ' ) wswnNa0Q ANpqEsney
' S 4 4 o -y - +— '
b _ i _ - | ' ; wouspusdepu)
3 1 ! ! 4_ ! [ g.s ! uoneddy :AnQesney
. ! ! | 1 ! | ' e I
. ) | ! | l ' ! -Jiog ‘Aupqeriog —
. t t + t 4 t + n_n
3 ! ! ! ! “ __ ' Aunnpopy - ANpgeiioy
2 - — et + t t +
. | :
“\o | " “ | “ “ “ sauspuedopuy) (AIyeiIcg
w. bttt - b —— -ttt t+
v._ __ ! __ __ " “ _. Avmnpogy Anpquiedossiyg
“_ i “ - P L A ] 1
..
F.
A
vigaiiud
m.. Q31VI120SSY
o ONV HOL1IVd
: /
.P,n
w SNOI1INNH YWIS3
s
k 1
w... {(Panuuo ) SHULIPY PLATLEY YIS p apgvg
£
S -y e o g, -4 b RIS P RPN y > e vy « e e e P AN [ AP R e 8 4

o

Y

iy
-

L)

Ay

-

‘q-l '\*

-
)

-
Ca

‘f{n‘“

o



q ‘
AT RN NNAD s.«.N
@A @I L@
ENEANT N ) AL
RO AR AR I
n.-..--..-,...---.-snu AP

~

*
3

%

YA
N
i

| T T T T T T
_ “ ._ " " " “ Henuies g Aupgesyy
I
+ t ¢ t { + 4 -
! | " “ “ “ ” Anpgeiad()  Anpgesy)
[ I
- - t t —t - i + + I _ R
" “ ! ! ! “ “ Alueinpoyy ANjiIgeataIng
| | )
b— - ¢ 1 + 4 ) ¢ ‘ b o - i — e ——
! ._ “ ! " " “ stauUpAINQUIISIG  ALNIQRATAING
' 1
ﬁ||;v1- 4 . | {- -4 t ¥ + - B
“ " " \ " “ q Awouoiny Anpqealaing )
1
—-——4——— - —- t- + 1 + - + S - R P
! | i l ! “ | awabeveyy [
! ! [ ' ] i : Apwouy ANpgesang
—_—t= -1 - 1 t- t t v mem—— s o oo
“ “ _ “ _. . ' Anondung  Aunjiqeijay .\f
b— - —— 3 —- - +— 4 - + “ S - e e = w»ilL
“ “ " ._ " “ “ . Areanpy Aipgeiay
pb——t — F———+—— 1 4 t B i B t ) * b
) | ) | ) . 1 i Juswebrueyy LA
t ! i ' f ) } ' | Apwcuy  Alpgeyay 2
L —— g - — - - - } } L . g
) f | ¢_ i i : QIS 22Y o -
| } | | | 1 ! v AnsBalug !
i + P O R _ R _ 3 [ T A 5
! 1 R ! ! | orors o :
A.v t [ 1 [ | i ! [TE YL -TTE e TE T TR | ) y
b~ ——— ——— ‘l+| b—-——— - - = R S — - ———— — e e e e - - } — —_—— 4
[ ! " “ 1 w | w hurssaroy jo -,
! ! ' | | [ | SEPURAINIREY ADUNNYY )
t——— 4 —t—— 4 ——} — - —$— - - [ - 3 B - - + -— »
[ﬁ | 1 q 4_ w ) UoHEIUNUNLOY) §O .wf
) | ' ' i ! i $I0USADIj3] ADUIDY)J ’,
i i ] e 5. 1 A Fd

VIHILIHD N
031VID0SSY 2
ANV HO1DV 4 y

i __

SNOILINNS Y3VO33

SPULIPY PLA3TLLD yf Y0 ) hoaquy



YAy %%

2 ..x... R

o ..v........\v KRN

h-\ N \ \Jﬂ-\i
ff:.aefa

oL

b e e 4 - e e e - — Am - e — . — o e o - =y

e m m e m e e e e e — = — —

1

T e T

e e e =

N
o vau. 5% o

i.-.r.- .f

a\ s

4, A 0 .-\- \\\\\I
s K A ARE]
_ﬂvnﬂ .. . .a .\h.b.\;- -\n_ -- \f-“ﬂ-\‘-l-ﬁt

. ‘ o \..“
S ...... .\ﬂ.n.a

L

Fa

\ -.u-‘\. L

5% 5%
Vf-f..f -.v.w. W

4

L e i e e e e e e e e e s e — . e o~ — -

- - e - — 4 - - % — — o — _ {
|
-
)
|
|

.~ o e e s e e = e e - = - 4

!

'
1
)
i
‘
|
|
|
i
|
|
b
- — - = — e e - = e

'
'

e A m e e e = = A o - s

.

-4

b o e e e e e i e m e e o e = e A = e = — — e = =

Anpgqrivawhny
Aupqepuedx )

e — - —

Arndung  Angiqenap

ssauaandiinsag

1S Aupgenuap

4-_—;.-_..__-__.1
L

v
|

Armeinpopy Alpgqeiiap

Aupqesip Angqenusan

Ayonydung

(Ajjiqeureute

}
IS
|

IS W

‘IS

ssaudanduasaQ

CAnpqediviuieny

Aluenpoyy

[Anpqeuielueyy

Aypgqisip

TAupgqeurejuiegy

Ajuaisisuo)

CAupgewmerviegy

Alpqeades] ($3aU13IN0)

AJU3151SUOY) $SIUIIIII0)

$32u312)dwo) $3IUII3N0)

S/ \ \\ \ /

/

\\\

UOSTINTRA Y

s )

(PanutIunn ) shutiey Praaltly vy )]

SNOILONNAS Y3IV0II

viH3ityd
031VID0SSVY
ANV HOL1IV )

yoagey

A-13



L) s d
¢ o
A L T

St u )
A0S

AN A,

Ry

NAAREA I AR
Ny O

..\\\.-. PP
WY eys AN

. LRl R A A S

AT Al ' -..-x--f\l..-.. )
P; LI - s
P SRR IR APt

|

'
r

|

- - -
i
|
4

Appquedwo)
wasAg Anpqeradosaiug

2ouapuadapu)
‘Aypqesadosaiug
—A

wsuwdojarag
uoNnUNg ANjiqessdoinyg

Anpuowwo)
:ANpqeiadosaiuy

B T

Anapdung Anpqins)4

ssousanduaseq
198 Aupqinagy

Asepnpopy :Adpqinag4

Anessusy Anpqixeiy

Ansndung Anpqepuedxy

sssusanidiidseg
-J198 (Aupqepuedxy

Aminpoyy - Anjqepuedxy

Anennp Anjiqepuedx 3l

__—q--—<-——-.>—-1|._-T.--q--—TL---ho-q.__q.__q.-_,.-_-

e St A I e s R ot S S

A s e e et —-»-—q»—-qL—-—n- ——J»-—qp--q.- -4;—_-1. -

-——4»———L——4r-——<r--<L—- ———dh——<>——1b-——<r—-<---+-—-

R N R L, "L Ryt SupRpips SRRy Upiys Nupulyuis g e 0 WSS N -

SRR R TP DRI SUSNpEa [ S __-T.

Auersusy Anpgepuedx y

viH31iyd
Q31VIDUSSY
GNV HO1DV 4

SNOILONNS VIV0DI

(panutjuo)) sbutyey etaayta) yivodl

s ga i Bt v Dl
-, » - .

MI'“I- .*ul- L rr




X PSS : = M o R R S S - e o A R IR S S A Y A
s < = A S 2T Bty b X ) L PN ALY T SN AL AR
@S e ] Y '@ A SRR O s,

Ay
- - - . J ’ *I
& red @ S o S = bl SRR S e ST A y
s = XX \...u...xm..a..u...u...h .oﬂw.w-m% ; .&aﬂ.mmwuu.ﬂ, AL A I R R R
- L ol B, = T Ja Y o o 2, = ; Yh e ,
¥l Bl S P SLEA \u_.h\..-.v..... o 5o LIRS \&L. RAELSLEEN &S \-.\0.-\.-&. i \-.\....\.\r.. O

e i s S
W . ‘_. : . ! : . _ ' Aroudung  Agesnay
| . - r 1 '
' , L o , ; | ; . R
o . _* .. . w w _. | ! ) ssavanndisacy
! I i ! t 4 , i -v 1 $125 Aupqesnay
- i ‘ ~ ce e e e — p e b | ! - -
: M : ; ! | : ! ) Avsepnpogy Arpiqeinsy
: i ! | _ 1 : | . ! !
- ¢ t t t -+ —- g S ;o
1 t | ' ! i | i 1 Anmp
. ; ! i . ) J | WeISAS Apqusney
R - * .... R SN SR R N e T SENEEY +
! m ' i “ i ” " " amspuadapuy Anpqesnay
. ! ' :
- 4 T b-- - b e +
~ ! ! ! ! I “ Anessussy :Auigesney
’ ] P i '
S ¢ + ~ T e poreyen
! t ] ' ' 1 1
! | | ' ' ' t ¢ ruondun 4 Atqesney
N * B Y . S QU U U S PO ». pre
1 ' ! ! NGy
h ' _ 1 ! ' “ ' t wawndog Alpqesney
B -4 - * = Lﬁ — - — e e *r — 4 + o "
X ! ! ' | ; ) 1 uedepu
! ! ! ) { ) uoneddy Anpqetnsy w
O — L e —— —— e J _ - P 3
w w ' “rr * | ' ssousandiineg A_n
[ i ! I 1 : t oS (Anqeriod
il S SRR DL T R L : JRED (U N
, ! | ! )
“ _ | ! . _ X Anseinpopy -Anpgersog
- -1 R 4 Lrto e S Bt SR
__ u 4 “ “ " 9suepuadapuy ANQe1sog
et ¢ + ‘ b e - i . +
“ ! “ ;_ 1 “ “ “ Anreinpoyy - Anqeradosaug
1 —_— 4_] ; " ! l | 1
/ | ’
/
/
/ / / \ VI 311D
; ‘ / / / Q31VIDOSSY
\ OGNV HOLDV 3

SNOILINNS Y3IVOD3I

(PN 0 ) LHEIPY PLAATLEY Y vyl T aqey

[

»,6(""' yL - - - - -



-

K i

oo e e

Y

Fap. e AT I
A alnet ey oS Y AT AT ~
A N

SURVEY RESPONSE LA NS QLT

~
"%
f I
Respondent: ' s"f.r-

Date: 5}5" ror

1. What is your role in the decision aid project? ::'fﬁ. ~.$'

2. How much time did you spend on this survey?

On factor goal rating? -

3. Are the quality factors meaningful to you? o

. ‘l .‘ ‘
4. Are there other aspects of quality you would have identified? If so, what are they? e ":l:

5. Were the instructions on how to specify the qualities clear? If not, which ones were unclear? mv s

6. Are quantitative guidelines needed (e.g., what reliability means in terms of a number like 95)? __ S

7. Would guidelines that state industry averages heip?

-~y
"

[ 4
A%
(s

X

,.‘::

[
-~
Ly
2

8. Do you feel both factor and criteria ratings should be included in this packet?

K

oy )
o
Frx

9. Other comments:

hi

v

."‘- g

e

Figure 2. Survey Feedback
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